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Objective: To evaluate the average surface roughness (Ra) and gloss (GU) of four different 
commonly used ceramics, four resin composites and human enamel after application of 
four different types of prophylactic pastes. Material and methods: A total of two hundred 
and forty specimens, composed of four types of ceramics and four types of resin composites 
were prepared to test the hypothesis. Twenty specimens were assigned to the first two 
ceramic groups: Lithium disilicate (LiSi2), and Feldspathic ceramic (FP). The third ceramic 




of sixty specimens each (IPS e.max ZirCAD MT A2, and MT Multi A2). All ceramic 
specimens were sectioned into 2 mm thick slices (12x14mm) and each material was 
sintered and glazed according to the manufacturer’s instructions. For the LiSi2 and FP 
ceramics, a spray glaze was used, while for the Zi group, three glaze techniques were used 
as follows: spray glaze, paste/liquid glaze, and stain followed by paste/liquid glaze. All 
samples were finished and polished gradually down to 1,200 grit size and ultrasonically 
cleaned and dried twice (before and after glazing). 
 A total of eighty specimens of four types of resin composites were prepared to test the 
hypothesis. The first three groups (n=20): Nano-hybrid (NH), Nano-fill (NF), and Supra-
nanofill (SN) were cured under Mylar strips using a broad-spectrum LED curing light into 
disk shape specimens (2x14mm diameter). The fourth group, microhybrid (MH) included 
a total of twenty millable resin composite Tetric CAD, which were prepared by sectioning 
the CAD/CAM block into 2-mm-thick slices (12x14 mm). All specimens were then 
finished and polished gradually down to 1,200-grit size and ultrasonically cleaned and 
dried. Four intact human teeth were served as a control group. Baseline surface gloss was 
measured with a glossmeter from 3 spots on each specimen. Additionally, baseline surface 
roughness (Ra) was measured with a profilometer from 3 spots on each specimen. Five 
specimens from each group were randomly assigned to one of the four groups of the 
following prophylactic polishing pastes: Proxyt coarse (PC) and Proxyt fine (PF), Nupro 
coarse (NC) and Nupro fine (NF). Results: Nupro coarse had the highest reduction of 




significance (p <0.05) compared to the other prophylactic pastes. Proxyt Fine had the least 
effect on gloss and roughness on all materials with statistical significance (p<0.05) 
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Chapter 1: Introduction 
1.1 Prophylactic pastes 
1.1.1 Overview 
 
Longevity of high quality esthetic restorations can be provided by effective re-care 
and maintenance protocols. These protocols mainly involve periodic prophylactic 
procedures. However, limited information or evidence exists in the level of abrasiveness 
of the prophylactic pastes, which may result in the introduction of unintended roughness 
to the surfaces of the materials and ultimately loss of gloss, increased plaque retention, and 
potential staining. [1- 4] 
Methods used to prophylactically remove plaque and stain from tooth surfaces are 
mainly mechanical. These methods may result in loss of superficial tooth structure, leading 
to rough surfaces as a result of their abrasive action, the extent of which depends on the 
mechanical method used and the time spent doing it.[5, 6]
 
These prophylactic methods have 
been reported to have a detrimental effect on the surface roughness of enamel and dentin, 
as well as restorations.[6-8]
 
Rough restoration surfaces promote plaque retention, gingival 
irritation, and staining.[8, 9]
 
Prophylactic pastes are the most common method used to polish 
restorative and tooth surfaces following routine hygiene procedures. There is limited 
information available on the influence of variability in abrasive content among 
commercially available new generation prophylactic pastes, which claims using spherical 
proprietary abrasives, and therefore reducing the detrimental effect compared to commonly 






The fact that the use of a prophylactic method in conjunction with conventional 
prophylactic pastes results in loss of tooth structure is widely accepted.[11] Reported amount 
of enamel removed during this procedure has been variable, however, few attempts have 
been made to quantitate the extent of this loss.[7]  
Previous studies reported that prophylactic pastes negatively affect restorative 
materials by wearing away of the matrix material that is softer than the abrasive used in the 
prophylactic pastes.[12] The significance of a smooth surface for the success of esthetic 
restorations has been well documented.[13-15]
 
Properly finished, highly polished restorations 
have been shown to be easily maintained and more esthetic compared to restorations with 
rougher surfaces.[16] The ultimate esthetic result of these restorations has been shown to be 
strongly related to the final surface polish achieved at the time of initial placement.[17]
 
It 
has also been emphasized that every dental material requires its own methods of 
prophylactic finishing, polishing, and surface treatment in order to obtain and maintain a 
smooth surface.[18]  
Commercial prophylactic pastes are designed to serve both the therapeutic function 
of eliminating plaque and calculus, and cosmetic function of removing extrinsic tooth 
stains.[19, 20]
 
Due to their perceived speed and efficiency in removing stains, coarse 
prophylactic pastes currently are the market leader. However, this advantage can have a 
detrimental effect on restoration surface gloss and roughness, which may lead to early or 
unnecessary removal and replacement of these restorations. Drawbacks resulting from the 






It has been reported that increased surface roughness resulting from 
the abrasive nature of these cleaning materials leads to increased plaque, food retention, 
staining, and discoloration. Patients usually seek the assistance of a dental health care 
provider to help in cleaning and polishing restorative surfaces and teeth. However, 
conventional prophylactic pastes can increase the roughness of teeth and restoration 
surfaces by removing superficial layers. Moreover, improper hygiene techniques can 




Finished surface can affect esthetic qualities and longevity of the restoration as well as 
the biocompatibility with the surrounding oral tissues. The surface finish of dental 
restorations can have a significant effect on their overall long-term clinical success.  
Patients present with a wide range of polishing requirements, Many clinicians use only 
one prophylaxis paste [24]
  
The proposed study aims to test the effect of commercially available prophylactic 
pastes on the variability in abrasive content and surface roughness, and gloss of esthetic 
dental restorative materials. Coarse prophylactic pastes containing pumice are commonly 
used due to their efficiency in removing stains. Geometry of pumice causing sharp edges 
plays an important role of being abrasive towards the restorative materials as well as human 
enamel. In addition, the hardness and concentration of the abrasive materials as well as the 
different formulas of the paste determine the characteristics of the products.[10] 
 
Prophylactic pastes have been shown to aid in cleaning tooth surfaces, as well as 
removing extrinsic stains. However, there are multiple reports showing the abrasive effects 
of these pastes result in detrimental effects on restorative materials, as well as natural tooth 
structure, due to increasing the surface roughness and eliminating surface gloss, which 
consequently results in further discoloration and plaque accumulation on restoration 
surface and tooth surface, which may ultimately lead to decreasing the esthetics and 
longevity of the restoration. Several commercial prophylactic pastes are available in the 
market with finer abrasives, which may prove beneficial in reducing these detrimental 




makes them prevalent and widely used in today’s dental market. Further laboratory and 
clinical trials are needed to determine the extent of these drawbacks.
 
1.2 Dental ceramics 
1.2.1 Overview 
 
Ceramic has been the standard of esthetic dentistry for more than a 100 years. 
Initially in the naturally occurring feldspathic form, ceramics were used mainly for anterior 
teeth as high fusing porcelain jacket crowns, denture teeth, and partial coverage 
restorations.  
With the vast number of new products available and the speed at which they are 
being developed, a difficult decision has to be made when selective the appropriate ceramic 
restorative material for the patient. In the past, a plethora of new dental ceramic materials 
were introduced with the goal to increase the overall stability of all-ceramic restorations, 
while maintaining the esthetic value. Amongst those materials, leucite and lithium 
disilicate reinforced glass ceramics, and oxide ceramics such as alumina and zirconia 









1.2.2 Classification of Ceramic Restorative Materials  
 
1.2.2.1 Glass-Matrix Ceramics 
Feldspathic: 
This conventional group of ceramics is founded on a ternary material 
structure comprised of clay/kaolin (hydrated aluminosilicate), quartz (silica), and 
naturally appearing feldspar (a mixture of potassium and sodium aluminosilicates). 
Potassium feldspar (K2A12Si6O16) forms leucite crystals (crystalline phase), which, 
based on the quantity, increases the intrinsic strength of the material, making this 
porcelain appropriate for veneering metal substructures.[26]  
Synthetic: 
Leucite-based, (eg, IPS Empress, Ivoclar Vivadent; Vita, Cerabien, 
Cerabien ZR, Noritake), Lithium disilicate and derivatives (IPS e.max CAD, IPS 
e.max Press, Ivoclar Vivadent; Obsidian, Glidewell Laboratories; Suprinity, Vita; 
Celtra Duo, Dentsply), and Fluorapatite-based, (eg, IPS e.max Ceram, ZirPress, 
Ivoclar Vivadent) are the materials of this category. 
The composition differs among producers, but generally contains silicon 
dioxide (SiO2), potassium oxide (K2O), sodium oxide (Na2O), and aluminum oxide 
(Al2O3). Their glass phases may be merged with apatite crystals, with leucite, for 






Alumina and zirconia (eg, In-Ceram Zirconia, Vita), Alumina and 
magnesium (eg, In-Ceram Spinell, Vita), and Alumina (eg, In-Ceram Alumina, 
Vita). In 1989, the first glass-infiltrated material was developed, In-Ceram 
Alumina, is fabricated using the technique called slip casting.[26]  
1.2.2.2 Polycrystalline Ceramics  
The key characteristic of the ceramics classified in the polycrystalline group 
is fine-grain crystalline structure, which can provide strength, and fracture 
toughness, but with limited translucency. Moreover, the polycrystalline ceramics 
are challenging to etch with hydrofluoric acid due to the absence of a glass phase.[27] 
Aluminum Oxide (Alumina) 
This material contains of high-purity Al2O3 (to 99.5%)(eg, Procera 
AllCeram, Nobel Biocare; In-Ceram AL). In the mid-1990s Nobel Biocare first 
introduced this material as a core for construction with CAD/CAM. It has high 
strength and high hardness (17 to 20 GPa).[26] 
 
Stabilized Zirconium Oxide (Zirconia)  




stabilized zirconia (FSZ), partially stabilized zirconia (PSZ), and tetragonal 
zirconia polycrystals (TZP).  
In FSZ, cubic form zirconia contains more than 8 mol% yttrium oxide. On 
the other hand, PSZ is made of a cubic matrix comprised of nano-sized tetragonal 
or monoclinic particles, and finally, TZP are monolithic materials primarily of 
tetragonal phase, stabilized most commonly with yttria (Y) or ceria.[28] Zirconias 
used in dentistry are all of the TZP form, generally Y-TZP, which after machining 
and sintering has the highest strength and fracture toughness.[28]   
Monoclinic, can be stable up to 1,170°C, then it transforms to tetragonal, 
and finally when the temperature exceeds 2,370°C will become cubic form.[29, 30] 
Shear strain and a large volume increase (4%) occur when tetragonal transforms to 
monoclinic form. In the presence of cracks, this increase in volume closes them, 
which leads to an increase in fracture toughness of the material.[28] 
1.2.3 Smoothness and gloss of dental ceramic  
Smoothness and gloss of dental ceramics is obtained by applying a surface glaze 
method, which is a thin layer of colorless glass powder applied on the surface of the 
restoration, and heated to the appropriate temperature to fuse to the underlying material.[31, 
32] A smooth surface of dental ceramics is required not only for aesthetics but also for 
biological reasons; to reduce plaque accumulation, enhance the strength of the restoration, 




restoration.[18, 33]  Most of the time, glaze is the final layer of a ceramic restoration that also 
get affected by the abrasives. 
 
1.3 Dental Resin Composites  
1.3.1 Overview  
 
Resin-based dental composites were first introduced approximately 50 years ago, 
and the composition has advanced significantly since their introduction. The most 
significant change over the years involved with the reinforcing fillers, which have been 
decreased in size to produce materials that are easier to polish and exhibit greater wear 
resistance. Previous studies have shown that after polishing with several polishing systems, 
particle size of the prophylactic paste plays an important role on the surface polish of 
composite resins. Smaller filler size of composite resin promotes lower surface roughness 
and higher gloss.[1-4] 
 
More recent developments are concentrated on the polymeric matrix of the 
materials, primarily to help to increase depth of polymerization and reduce polymerization 
shrinkage stress or give them self-adhesive properties. Recent literature has reviewed the 
existing technology of dental composites. [36, 37] These materials are similar in that they are 
all composed of a polymeric matrix, typically a dimethacrylate, reinforcing fillers, typically 
made from radiopaque glass, a silane coupling agent for binding the filler to the matrix, 




Dental composites can be classified by particle size (ranging from 50 microns to 5 
nanometers) into the following: Macrofill, microfill, hybrid, microhybrid, nanofill, and 
nanohybrid composite. Also, the combination filler categories have been introduced during 
the past decade.   
Photoinitiators are used to begin the setting reaction; the most common is 
camphoroquinone (CQ). P-Phenylenediamine (PPD), Lucirin, or Irgacure819 are other 
photoinitiators utilized to avoid the yellowish color of CQ, or to permit the use of lower 
wavelength for photoinitiations.[37, 38] The polymer network forms from free radicals, 
which are a result of the reaction of photoinitiators with tertiary amines. Coupling agents 
(silane) bond particles to the matrix with a strong covalent bond, and the most common 
agent is 3-methacryloxypropyltrimethoxy- silane (MPTS).[37]  
1.3.2 Advantages and disadvantages 
Direct resin composites with highly polished surface have several advantages that 
include providing the restored tooth an esthetic appearance that match adjacent teeth, 
reducing plaque accumulation by maintaining the oral health environment, providing 
compatible occlusion with the opposing dentition and adequate physiological standards for 
surrounding tissues.[39] 
Poor finishing/polishing procedures can cause surface irregularities and lead to 
problems such as marginal breakdown, plaque accumulation, gingival irritation, staining, 




1.4 Surface gloss and Surface roughness 
Gloss and roughness are two important elements for assessing the surface optical 
properties of dental materials after finishing and polishing. Despite of a strong connection 
between the two parameters, they are considered as two different surface properties. [42-44] 
1.4.1. Surface gloss 
 
Gloss (GU) is an optical phenomena defined as “the property of a surface that 
involves specular reflection and is responsible for a lustrous or mirror-like 
appearance. It is calculated by comparing the magnitude of incident light traveling 
toward a surface at a 60o angle to the magnitude traveling away from the surface at 
an equal and opposite angle. [45] 
1.4.2 Surface roughness 
 
Roughness (Ra) is defined as “a high-frequency, short-wavelength component of a 
measured surface and refers to the fine irregularity of surfaces, measured in 
micrometers and it is a dimensional evaluation of the surface topography that could 
be described by several linear (Ra, Rq, Rz) or three-dimensional (Sa, Sq, Sz) 
parameters”. The (Ra) parameter describes the overall roughness of a surface and 
can be defined as the arithmetical average value of all absolute distances of the 
roughness profile from the center line within the measuring length  . While, The (Rz) 
surface parameter can be defined as the average maximum peak to valley height of 
five consecutive sampling lengths within the measuring length and is used to 





This study will raise awareness of a potential detrimental effect of a common 
procedure that has been implemented as routine dental care. There is limited evidence 
regarding the effect of commercially available prophylactic pastes on esthetic restorative 
materials. Understanding the variability in abrasive content among commercially available 
prophylactic pastes can offer better understanding of the impact of prophylactic pastes on 
the long-term quality of esthetic dental restorations.  
1.6 Purpose of the study 
The purpose of this in-vitro study is to investigate the effect of commercially 
available prophylactic pastes on the surface roughness, and gloss of esthetic dental 
restorative materials.  
1.7 Specific aims and hypothesis 
1- To determine if the prophylactic pastes containing modified silica-based abrasives have 
less detrimental effect on esthetic dental restorative materials compared to conventional 
pumice-based prophylactic pastes as a function of roughness values (Ra) compared to the 
baseline.    
2- To determine if the prophylactic pastes containing modified silica-based abrasives have 
less detrimental effect on esthetic dental restorative materials compared to conventional 
pumice-based prophylactic pastes as a function of gloss values (GU) compared to the 




Null Hypothesis  
The first null hypothesis tested is that there will be no difference between the 
prophylactic pastes containing silica-based abrasives compared to conventional pumice-
based prophylactic pastes in having detrimental effect on esthetic dental restorative 
materials as a function of roughness values (Ra) compared to the baseline. 
The second null hypothesis tested is that there will be no difference between 
prophylactic pastes containing silica-based abrasives compared to conventional pumice-
based prophylactic pastes in having detrimental effect on esthetic dental restorative 
materials as a function of gloss values (GU) compared to the baseline. 
1.7 Location of study 
Bioscience Research Center, Room 7356 
Nova Southeastern University, Health Professional Division, College of Dental Medicine 

















Chapter 2: Materials and methods 
 
2.1 Experimental design 
This study was divided into two stages based on the objectives: 
Stage 1: To evaluate the average surface gloss (GU) and surface roughness (Ra) of four 
commonly used ceramic materials and human enamel polished with four different 
polishing pastes. 
Stage 2: To evaluate the average surface gloss (GU) and surface roughness (Ra) of four 
resin composites and human enamel polished with four different polishing pastes. 
2.2 Sample size calculation 
The G power Software was used to calculate the sample size. This study aims to 
evaluate the effect of four different commercially available prophylactic pastes on the 
surface roughness and gloss of esthetic dental restorative materials. The sample size was 
determined to be twenty repetitions for each group.  
2.3 Pilot study  
A pilot study was conducted using 2 samples for each group. All equipment and 
techniques were reviewed, and the operators were calibrated. Final sample size (n=20) in 




2.4 Sample preparation 
Four commercial brands of ceramics (Table 1), three glaze brands, and one stain 
brand (Table 2), four commercial brands of resin-based composites (Table 3), and two 
commercial brands of prophylactic pastes (Table 4) were selected for the study. 
 
Table 1: Ceramic Materials, Manufacturers, and Chemical Composition of Matrix 
and Filler.  
Materials Manufacturers Chemical Composition of 
Matrix and Filler 
Lithium Disilicate Ceramic  
 
IPS e.max (Ivoclar 
Vivadent)  
Quartz, lithium dioxide, 
phosphor oxide, alumina, 
potassium oxide. 
Feldspathic Porcelain  
 
CEREC VITABLOCS 
Mark II  
(Vita)  
Mixture of feldspathic 
crystalline particles 
embedded in a glassy 
matrix. 
Zirconia  (MT Multi) IPS e.max ZirCAD (Ivoclar 
Vivadent)  
 
Zirconium oxide (ZrO2)  
Yttrium oxide (Y2O3)  
Hafnium oxide (HfO2)  
Aluminium oxide (Al2O3)  
Other oxides  
 
Zirconia  (MT) IPS e.max ZirCAD (Ivoclar 
Vivadent)  
 
Zirconium oxide (ZrO2)  
Yttrium oxide (Y2O3)  
Hafnium oxide (HfO2)  
Aluminium oxide (Al2O3)  








Table 2: Glaze materials 
Materials Manufactures 
IPS e.max CAD crystall glaze Ivoclar Vivadent 
Vita Akzent plus glaze spray VITA 
IPS Ivocolor Glaze Paste 
IPS Ivocolor Mixing Liquid Allround 
Ivoclar Vivadent 
IPS Ivocolor Stain Ivoclar Vivadent 
 
 
Table 3: Resin Composite Materials: Manufacturers, and Chemical Composition of 
Matrix and Filler.  
Materials Manufacturers 







-Rethane dimethacrylate- -Ytterbium 
trifluoride 





Silica-zirconia filler and composite filler.-
Bisphenol A di(2-hydroxy propoxy) 
dimethacrylate (Bis-GMA) and Triethylene 
glycol dimethacrylate (TEGDMA). 
Nano-filled Filtek Supreme 
(3M/ESPE) 
silica particles and 4 to 11 nm zirconia 




the same silane coupling agent used with 











Table 4: Prophylactic pastes: Materials, Manufacturers, and Grit Size.  
Materials  Manufacturers  
 
Grit Size  
Proxyt  
   
























2.4.1 Preparation of Ceramic samples  
2.4.1.1 Feldspathic 
A total of twenty specimens, composed of feldspathic ceramics (VITABLOCS 
Mark II, A2C, Vita) (Figure 1), were prepared by sectioning the CAD/CAM blocks into 
2-mm-thick slices (12x14 mm) (Figure 2) using Buehler sample preparation machine 
(Isomet 100 precision saw) (Figure 3), and then finished and polished gradually down to 
1,200 grit size using Buehler sample preparation machine (Metaserv 2000 variable speed 
grinder-polisher) (Figure 4). Specimens were cleaned by submerging in alcohol and 
placing them into ultrasonic cleaner for 5 minutes then each sample was dried using 
Kimwipes (Figure 5) and compressed air, and then glazed according to manufacturers’ 
instructions. Vita Akzent plus glaze spray was used (Figure 6), glaze spray was shaken 
until the mixing ball in the container was moving freely for approximately 20 seconds. 
Glaze was sprayed a distance of 10 cm between the nozzle and the surface of the sample 
to be glazed. Afterwards, the spray can was held upright during spraying (Figure 7). 
Specimens were then heated using P1 program e.max CAD crystall glaze 757° 
Temperature (Figure 8). Specimens were finished and polished again gradually down to 








A total of twenty specimens, composed of lithium disilicate ceramics (LiSi2) (IPS 
e.max CAD MT, A2, Ivoclar Vivadent) (Figure 9), were prepared by sectioning the 
CAD/CAM blocks into 2-mm-thick slices (12x14mm) (Figure 10), using Buehler sample 
preparation machine (Isomet 100 precision saw) and then finished and polished 
gradually down to 1,200 grit size using Buehler sample preparation machine (Metaserv 
2000 variable speed grinder-polisher). Specimens were cleaned by submerging in 
alcohol and placing them into ultrasonic cleaner for 5 minutes then each sample was 
dried using Kimwipes and compressed air. Specimens then were glazed using their 
respective glazes according to manufacturers’ instructions. IPS e.max CAD Crystall 
Spray glaze was used (Figure 6). Glazing spray was shaken until the mixing ball in the 
container was moving freely for approximately 20 seconds.  Glaze was sprayed at a 
distance of 10 cm between the nozzle and the surface of the sample. The spray can was 
held in upright position during spraying. Specimens were heated using P1 program e.max 
CAD Crystall glaze 757° temperature. Specimens were finished and polished again 
gradually down to 1,200 grit size, then cleaned and dried using Kimwipes.  
 
2.4.2 Zirconia 
Two ceramic groups of zirconia (ZirCAD, Ivoclar Vivadent, Amherst, NY) 




each (IPS e.max ZirCAD MT A2, and MT Multi A2 (Figure 11,12). All Zi specimens were 
sectioned into 2mm thick slices (12x14mm) (Figure 13) using Buehler sample preparation 
machine (Isomet 100 precision saw) and each material was sintered using (Programat S1 
1600 sintering furnace, Ivoclar Vivadent, NY, USA) (Figure 14). Obtained specimens were 
then finished and polished gradually down to 1,200 grit size using Buehler sample 
preparation machine (Metaserv 2000 variable speed grinder-polisher). Specimens were 
cleaned by submerging in alcohol and placing them into ultrasonic cleaner for 5 minutes 
then each sample was dried using Kimwipes and compressed air. Further, they were dried 
in a 37° incubator overnight.  
2.4.2.1 Spray glaze  
IPS e.max CAD Crystall glaze was used. Glazing spray was shaken until 
the mixing ball in the container was moving freely for approximately 20 
seconds.  Glaze was sprayed at a distance of 10 cm between the nozzle and the 
surface of the sample. The spray can was held in upright position during spraying. 
Specimen were then finished and polished gradually down to 1,200 grit size using 
Buehler sample preparation machine (Metaserv 2000 variable speed grinder-
polisher). Specimens were cleaned by submerging in alcohol and placing them into 






2.4.2.2 Paste/liquid glaze 
IPS Ivocolor mixing liquid Allround was used by holding the specimen with 
tweezer and used serrated instrument to make vibration to obtain a homogenous 
surface (Figures 15 and 16). Specimens were heated using P1 program e.max CAD 
Crystall glaze 757° temperature, then finished and polished gradually down to 
1,200 grit size using Buehler sample preparation machine (Metaserv 2000 variable 
speed grinder-polisher). Specimens were cleaned by submerging the samples in 
alcohol and placing them into ultrasonic cleaner for 5 minutes, then each sample 
was dried using Kimwipes. 
2.4.2.3 Stain followed by paste/liquid glaze 
IPS Ivocolor Stain SD1 was applied in a thin layer to the surface (Figure 
17). IPS Ivocolor mixing liquid allround was applied to the surface. Vibrations were 
created by holding the specimen with tweezers and using a serrated instrument for 
homogenous glaze application on the surface of the specimen. Specimens were 
heated using P1 program e.max CAD Crystall glaze 757° temperature, and then 
finished and polished gradually down to 1,200 grit size using Buehler sample 
preparation machine (Metaserv 2000 variable speed grinder-polisher). Specimens 
were cleaned by submerging the samples in alcohol and placing them into 





2.4.3 Light cured composites: Nano-Hybrid Resin Composite (NH), Nanofill Resin 
Composite (NF), and Supra-Nano Filled Resin Composite (SN)  
A total of sixty specimens, composed of three types of composites were prepared 
to test the hypothesis. Twenty disk shape (2x14mm diameter) specimens were assigned to 
each group: Nano-hybrid (NH) (IPS Empress Direct, Enamel A2, Ivoclar Vivadent), Nano-
filled (NF) (Filtek Supreme, A2, 3M/ESPE), and Supra-nano (SN) (Estelite Omega, A2, 
Tokuyama) (Figure 18).  Specimens were fabricated by packing uncured resin composite 
into a teflon mold (Figure 19), then cured under a Mylar strip using a broad-spectrum LED 
curing light (VALO 1,400 W/cm2) for 20 seconds (Figures 20 and 21). Specimens were 
then finished and polished gradually down to 1,200 grit size. Specimens were ultrasonically 
cleaned and dried using Kimwipes. 
2.4.4 Micro-Hybrid Resin Composite block (TC) 
A total of twenty millable resin composite Tetric CAD (Ivoclar Vivadent, Amherst, 
NY) (Figure 22), which were prepared by sectioning the CAD/CAM block into 2-mm-
thick slices (12x14 mm) (Figure 23). All specimens were then finished and polished 
gradually down to 1,200-grit size and then cleaned by submerging the specimens in alcohol 







2.5 Extracted Human teeth  
Four intact human teeth served as a control group. Teflon mold was used to prepare 
specimens (Figure 24). Double sided adhesive tape was placed to position the widest plane 
surface of the tooth and prevent coverage of that surface by the acrylic resin (Figure 25). 
Clear acrylic resin was poured and allowed to set for 1 hour (Figure 26). After taking the 
specimens out of the mold, the surface was gently flattened using Buehler sample 
preparation machine down to 1,200 grit size sandpaper. 
 
2.6 Study groups:  
 
1- Lithium Disilicate (IPS e.max CAD MT, shade A2, Ivoclar Vivadent, Amherst, NY)  
2- Feldspathic porcelain (VITABLOCKS Mark II, Shade A2C, Vita, Sackingen, 
Germany).  
3- IPS e.max ZirCAD MT Multi A2, spray glaze (IvoclarVivadent, Amherst, NY) 
4- IPS e.max ZirCAD MT Multi A2, paste/liquid glaze (IvoclarVivadent, Amherst, NY)  
5- IPS e.max ZirCAD MT Multi A2, stain followed by paste/liquid glaze (IvoclarVivadent, 
Amherst, NY) 
6- IPS e.max ZirCAD MT A2, spray glaze (IvoclarVivadent, Amherst, NY)  
7- IPS e.max ZirCAD MT A2, paste/liquid glaze (IvoclarVivadent, Amherst, NY)  
8- IPS e.max ZirCAD (MT A2, stain followed by paste/liquid glaze (IvoclarVivadent, 
Amherst, NY)  




Ivoclar/Vivadent, Amherst, NY).  
10- Nanofill Resin Composite (Filtek Supreme, shade A2, 3M/ESPE, Minnesota, MN).  
11- Supra-Nano Filled Resin Composite (ESTELITE® Omega, shade A2, Tokuyama, 
Tokyo, Japan).  
12- Micro-hybrid resin composite block (Tetric CAD, Ivoclar Vivadent, Amherst, NY) 
13- Extracted human teeth.  
 
2.7 Sample distribution:  
Eight groups of ceramic materials were included in this study, n= 20 specimens 
per group of sectioned discs made of four different ceramic materials (Figure 27). Four 































2.8 Application of prophylactic pastes  
Reason behind selecting these two prophylactic pastes is that they are the most 
common type of prophylactic pastes used in dental practice. Five specimens from each 
group were randomly assigned to one of the four groups of the following prophylactic 
polishing pastes with different grit sizes: Proxyt coarse (PC), Proxyt fine (PF) (Ivoclar 
Vivadent), Nupro coarse (NC), Nupro fine (NF) (Dentsply) (Figure 29). They were applied 
to the specimens by a calibrated and blind operator using un-impregnated prophylactic cups 
according to the manufacturers’ instructions for 40s (10 second intervals) under a constant 
load of 400gr at 3,000rpm. The operator was trained to exercise a consistent load. 
Remaining pastes was rinsed with copious water, cleaned ultrasonically and dried with 
Kimwipes. 
2.9 Surface gloss (Gu) measurement 
Baseline surface gloss was measured with a Glossometer (Novo-Curve, Rhopoint 
Instruments, East Sussex, UK) with a 60° angle for the gloss evaluation from three spots 
on each specimen (Figure 30, after application of prophylactic paste. The average gloss 
value (GU) was calculated for each specimen. All specimens were covered with an opaque 
cap during gloss measurements to avoid the effect of any ambient light. 
2.10 Surface roughness (Ra) measurement 
Baseline surface roughness (Ra) was measured with a Profilometer (Veeco Dektek 
150, Plainview, NY) from 3 spots on each specimen (Figure 31). To measure the roughness 




surface under a constant force of 3 mg with a duration of 15 seconds, length of 2 mm and 
measurement range of 524 µm. After application of prophylactic paste the surface 
roughness of the all specimens were re- measured. Three measurements were taken, and 
the average Ra was calculated for each specimen. 
2.11 Scanning Electron Microscope (SEM) Analysis 
Scanning electron microscope (SEM) observation was performed to qualitatively 
evaluate the surface morphology (Figure 32). SEM at 1000x magnification was used to 
evaluate ceramic and composite surfaces (Figures 39-51). 
2.12 Statistical analysis 
2.12.1 Surface gloss 
Means and standard deviations are calculated for all continuous measures. 
To compare differences for the outcome measure gloss, a one-way ANOVA model 
was created to look for difference by material, prophy paste (Nupro coarse, Nupro 
fine, Proxyt coarse, Proxyt fine) and glaze (Liquid glaze, Spray glaze, Stain and 
liquid glaze). Post-hoc tests were conducted using a Bonferroni adjustment. 
STATA 15.1 was used for all statistical analyses, and significance was accepted at 
p<0.05. 
2.12.2 Surface roughness 
Means and standard deviations are calculated for all continuous measures. 
To compare differences for the outcome measure roughness, a one-way ANOVA 




measurements. Post-hoc tests were conducted using a Bonferroni adjustment. 
STATA 15.1 was used for all statistical analyses, and significance was accepted at 
p<0.05. 
 
Chapter 3: Results 
 
3.1 Effect of prophylactic paste on the surface gloss and roughness of ZirCAD MT, 
MT Multi ceramic and Tetric CAD composite   
 
3.1.1 Surface gloss 
There was a significant difference in the measurement of gloss by group 
F[27,112) = 332.31, p < 0.001,  eta-squared = 99.8% - meaning 99.8% of the variability 
in gloss was accounted for by the differences in group]. Table 5 provides descriptive 
information, Figure 33 is a bar plot. 
There was significantly higher loss of gloss in the Nupro coarse group with 
ZirCAD MT Multi spray glaze compared to all other groups (Nupro fine, Proxyt course, 
and Proxyt fine). Proxy fine had the least affect on gloss compared to all groups with 
statistical significance (p <0.05) 
There was significantly higher loss of gloss in the Nupro coarse group with 
ZirCAD MT liquid glaze and compared to all other groups (Nupro fine, Proxyt course, 
and Proxyt fine). Proxy fine had the least effect on gloss compared to all groups with 




There was significantly higher loss of glass in the Nupro coarse group compared 
to all other groups (Nupro fine, Proxyt course, and Proxyt fine). Proxy fine had the least 




Table 5. Descriptive statistics for gloss 





   M(SD) M (SD) M(SD) 
ZirCAD MT Nupro 
coarse 
Liquid Glaze 82.98 (2.48) 72.03 (3.58) -10.95 
(5.42) 
ZirCAD MT Nupro 
coarse 
Spray Glaze 92.51 (0.97) 80.25 (0.26) -12.25 
(1.11) 
ZirCAD MT Nupro 
coarse 
Stain + Liquid 
Glaze 
92.86 (1.44) 83.45 (0.98) -9.41 (1.97) 
ZirCAD MT Nupro fine Liquid Glaze 85.44 (1.11) 81.98 (2.57) -3.46 (1.64) 
ZirCAD MT Nupro fine Spray Glaze 92.63 (1.25) 86.15 (3.72) -6.49 (2.55) 
ZirCAD MT Nupro fine Stain + Liquid 
Glaze 
91.56 (1.43) 89.43 (1.12) -2.13 (0.70) 
ZirCAD MT Proxyt 
coarse 
Liquid Glaze 84.99 (2.21) 80.34 (2.72) -4.65 (1.08) 
ZirCAD MT Proxyt 
coarse 
Spray Glaze 91.39 (1.17) 88.71 (1.33) -2.68 (1.55) 
ZirCAD MT Proxyt 
coarse 
Stain + Liquid 
Glaze 
93.01 (2.10) 88.63 (3.67) -4.37 (1.80) 
ZirCAD MT Proxyt fine Liquid Glaze 84.13 (2.58) 80.53 (3.95) -3.59 (1.91) 
ZirCAD MT Proxyt fine Spray Glaze 91.95 (1.80) 89.52 (0.62) -2.43 (1.86) 
ZirCAD MT Proxyt fine Stain + Liquid 
Glaze 
91.36 (0.76) 89.97 (0.68) -1.39 (0.19) 
ZirCAD MT Multi Nupro 
coarse 





ZirCAD MT Multi Nupro 
coarse 
Spray Glaze 94.39 (1.36) 85.52 (1.54) -8.87 (2.76) 
ZirCAD MT Multi Nupro 
coarse 
Stain + Liquid 
Glaze 
80.90 (2.70) 67.66 (4.21) -13.24 
(2.18) 
ZirCAD MT Multi Nupro fine Liquid Glaze 88.21 (0.79) 86.41 (1.63) -1.80 (0.94) 
ZirCAD MT Multi Nupro fine Spray Glaze 94.07 (1.41) 91.13 (0.60) -2.94 (1.47) 
ZirCAD MT Multi Nupro fine Stain + Liquid 
Glaze 
81.42 (2.73) 78.54 (2.74) -2.88 (1.74) 
ZirCAD MT Multi Proxyt 
coarse 
Liquid Glaze 85.60 (2.11) 81.97 (3.08) -3.63 (1.14) 
ZirCAD MT Multi Proxyt 
coarse 
Spray Glaze 94.44 (1.04) 90.46 (2.42) -3.98 (1.46) 
ZirCAD MT Multi Proxyt 
coarse 
Stain + Liquid 
Glaze 
83.03 (2.53) 75.65 (1.24) -7.38 (2.59) 
ZirCAD MT Multi Proxyt fine Liquid Glaze 85.97 (1.52) 84.00 (1.43) -1.97 (0.75) 
ZirCAD MT Multi Proxyt fine Spray Glaze 93.85 (1.29) 92.45 (1.53) -1.41 (0.57) 
ZirCAD MT Multi Proxyt fine Stain + Liquid 
Glaze 




















































































































































































































































































































































































































































































































3.1.2 Surface roughness 
There was a significant difference in the measurement of roughness by group 
F[27,112) = 69.17, p < 0.001,  eta-squared = 98.8% - meaning 98.8% of the variability in 
roughness was accounted for by the differences in group]. Table 6 provides descriptive 
information, Figure 34 is a bar plot. 
There was significantly higher loss of roughness in the Nupro coarse group with 
ZirCAD MT Multi and ZirCAD MT with stain glaze, followed by spray glaze and then 
liquid glaze when compared to all other groups (Nupro fine, Proxyt course, and Proxyt 
fine). Proxy fine had the least affect on gloss compared to all groups with statistical 
significance (p <0.05). 
There was significantly higher roughness caused by the Nupro coarse group 
compared to all other groups (Nupro fine, Proxyt coarse, Proxyt fine). Proxyt fine had 
significantly less effect on the roughness compared to Nupro coarse and Nupro fine with 
statistical significance (p <0.05). However, no significant difference was detected when 












Table 6. Descriptive statistics for roughness 
 
Material Prophy Paste Glaze Method Pre-Treatment Post-
Treatment 
Change 
   M(SD) M (SD) M(SD) 
ZirCAD MT Nupro 
coarse 
Liquid Glaze 0.196 
(0.011) 
0.301 (0.011) 0.105 
(0.012) 
ZirCAD MT Nupro 
coarse 
Spray Glaze 0.160 
(0.008) 
0.256 (0.015) 0.096 
(0.020) 
ZirCAD MT Nupro 
coarse 




0.288 (0.010) 0.120 
(0.005) 
ZirCAD MT Nupro fine Liquid Glaze 0.196 
(0.008) 
0.226 (0.011) 0.030 
(0.008) 
ZirCAD MT Nupro fine Spray Glaze 0.172 
(0.018) 
0.207 (0.008) 0.035 
(0.011) 




0.205 (0.009) 0.029 
(0.007) 
ZirCAD MT Proxyt 
coarse 
Liquid Glaze 0.190 
(0.018) 
0.211 (0.015) 0.021 
(0.010) 
ZirCAD MT Proxyt 
coarse 
Spray Glaze 0.178 
(0.014) 
0.208 (0.019) 0.029 
(0.007) 
ZirCAD MT Proxyt 
coarse 




0.217 (0.012) 0.037 
(0.008) 
ZirCAD MT Proxyt fine Liquid Glaze 0.187 
(0.016) 
0.197 (0.014) 0.010 
(0.003) 
ZirCAD MT Proxyt fine Spray Glaze 0.167 
(0.011) 
0.181 (0.010) 0.015 
(0.005) 




0.179 (0.003) 0.014 
(0.008) 
ZirCAD MT Multi Nupro 
coarse 
Liquid Glaze 0.170 
(0.006) 
0.286 (0.025) 0.116 
(0.030) 
ZirCAD MT Multi Nupro 
coarse 
Spray Glaze 0.175 
(0.007) 
0.307 (0.013) 0.132 
(0.009) 
ZirCAD MT Multi Nupro 
coarse 




0.311 (0.028) 0.137 
(0.022) 
ZirCAD MT Multi Nupro fine Liquid Glaze 0.177 
(0.007) 





ZirCAD MT Multi Nupro fine Spray Glaze 0.177 
(0.012) 
0.207 (0.009) 0.030 
(0.014) 




0.202 (0.022) 0.026 
(0.010) 
ZirCAD MT Multi Proxyt 
coarse 
Liquid Glaze 0.177 
(0.014) 
0.227 (0.010) 0.050 
(0.005) 
ZirCAD MT Multi Proxyt 
coarse 
Spray Glaze 0.177 
(0.011) 
0.208 (0.011) 0.031 
(0.004) 
ZirCAD MT Multi Proxyt 
coarse 




0.231 (0.007) 0.049 
(0.007) 
ZirCAD MT Multi Proxyt fine Liquid Glaze 0.174 
(0.006) 
0.187 (0.006) 0.012 
(0.008) 
ZirCAD MT Multi Proxyt fine Spray Glaze 0.179 
(0.007) 
0.194 (0.014) 0.015 
(0.014) 
















Nupro fine None 0.174 
(0.009) 












Proxyt fine None 0.176 
(0.010) 






















































































































































































































































































































































































































































































































































































































3.2 Effect of prophylactic pastes on surface roughness and gloss of glass-ceramics 
3.2.1 Surface roughness 
Using a mixed, general linear model we looked for difference in gloss by material 
and prophypaste, as well as the interaction of material by prophypaste.  A significant 
difference was found by material [F(5,184) = 7.38, p <  0.001, h2 = 13%] and prophypaste  
[F(3,184) = 3.81, p = 0.011, h2 = 1%], and a difference between the interaction of material 
by paste [F(15,184) = 1.02, p = 0.20, h2 = 14%]. Reviewing the effect size estimates (eta-
squared) indicates that paste had the greatest effect on surface roughness. 
There was significantly higher loss of roughness in the Proxyt coarse and Nupro 
coarse group, when compared to all other groups (Nupro fine, and Proxyt fine). Proxyt fine 




Table 7. Descriptive statistics  
 
                        Gloss Roughness 







LiSi2 74.51 (2.17) 71.15 (3.19) 0.63 (0.73) 0.06 (0.08) 
Extracted Human Teeth 48.24 (5.02) 45.72 (5.16) 0.42 (0.50) 0.05 (0.04) 
Feldspathic 67.63 (2.94) 65.59 (2.85) 0.60 (0.67) 0.06 (0.05) 
Nano Hybrid Resin 74.93 (3.40) 40.95 (14.12) 0.15 (0.03) 0.21 (0.05) 




Supra-Nano Resin 83.52 (4.09) 66.36 (9.09) 0.17 (0.20) 0.02 (0.05) 
 Gloss       Roughness 





Nupro coarse 77.49 (10.43) 52.73 (15.45) 0.35 (0.48) 0.22 (0.23) 
Nupro fine 76.92 (10.07) 63.62 (13.97) 0.35 (0.39) 0.23 (0.25) 
Proxyt coarse 76.63 (10.84) 60.15 (12.69) 0.34 (0.42) 0.22 (0.25) 









3.2.2 Surface gloss  
A significant difference was found between ceramic surfaces [F(2, 32) = 17.71, p 
= 0.041, prophy pastes [F(3, 32) = 76.37, p < 0.001, η2 = 40%], but no difference between 




the interaction of material by prophylactic pastes [F(6,32) = 1.04, p = 0.416, η2 = 5%]. 
Reviewing the effect size estimates (eta-squared) indicates that prophylactic paste had the 
greatest effect on gloss. (Table 8) (Figure 36).  
There was significantly higher loss of gloss in the Nupro coarse group, when  
compared to all other groups (Nupro fine, Proxyt course, and Proxyt fine). Proxy fine had 
the least effect on gloss compared to all groups with statistical significance (p <0.05). 
 
Table 8: Surface gloss of ceramics 
Table 8 
Substrate  Prophylactic Paste  Mean Gloss Difference  Significance  
E  PF  -0.8  a  
FP  PF  -1.25  a  
FP  NF  -1.39  a  
LiSi2  PF  -1.74  a  
LiSi2 NF -2.08 a 
FP  PC  -2.21  a  
E  NF  -2.63  ab  
FP  NC  -3.29  ab  
LiSi2  PC  -3.41  ab  




E  NC  -4.43  ab  
LiSi2  NC  -6.23  b  









3.3 Effect of prophylactic pastes on surface roughness and gloss of resin composites 
3.3.1 Surface roughness 
No significant difference was found by composites [F(3, 48) = 5.82, p = 0.001, η2  
= 10%]. A significant difference was found by prophypaste [F(3, 48) = 31.26, p < 0.001, 




p = 0.016, η2 = 13%]. Reviewing the effect size estimates (η2) indicates that prophylactic 
pastes had the greatest effect on roughness. (Table 9) (Figure 37). 
There was significantly higher loss of roughness in the Nupro coarse group, when  
compared to all other groups (Nupro fine, Proxyt course, and Proxyt fine). Proxy fine had 
the least effect on gloss compared to all groups with statistical significance (p <0.05). 
Table 9: Surface roughness of resin composite 
Table 9  
Substrate  Prophylactic Paste  Mean Ra Difference  Significance  
E  NC  0.218  a  
NF  NC  0.206  a  
NH  NC  0.120  ab  
NH                              PC                              0.088                           abc 
E  NF  0.087  abc  
SN  NC  0.077  abc  
NF  PC  0.060  abc  
NF  NF  0.032  bc  
E  PC  0.030  bc  
NH  NF  0.025  c  
SN  PC  0.022  c  
NF  PF  0.020  c  




SN  NF  0.014  c  
NH  PF  0.012  c  
SN  PF  0.009  c  
















3.3.2 Surface gloss 
A significant difference was found by composites [F(3, 48) = 107.55, p < 0.001, 
η2  = 36% and prophylactic pastes [F(3, 48) = 146.71, p < 0.001, η2 = 49%], but no 
difference between the interaction of composite by prophylactic paste [F(9, 48) = 9.51, p 
< 0.001, η2 = 10%]. Reviewing the effect size estimates (eta-squared) indicates that 
prophylactic paste had the greatest effect on gloss. (Table 10) (Figure 38). 
There was significantly higher loss of gloss in the Nupro coarse group, when 
compared to all other groups (Nupro fine, Proxyt course, and Proxyt fine). However, for 
nano-hybrid resin, there was significant loss of gloss with  Nupro coarse, Nupro fine, 
Proxyt course compared to Proxyt fine.  Proxy fine had the least effect on gloss compared 
to all groups with statistical significance (p <0.05). 
Table 10: Surface gloss of resin composite 
Table 10  
Substrate  Prophylactic Paste  Mean Gloss Difference  Significance  
E  PF  0.80  a  
E  NF  -2.63  a  
E  PC  -3.83  a  
E  NC  -4.43  ab  
NF PF -5.81 ab 




SN  PF  -10.74  ab  
NH  PF  -12.49  ab  
SN  PC  -19.17  bc  
NF  NF  -19.43  bc  
NF  PC  -22.15  cd  
SN  NC  -29.62  de  
NH  NF  -36.61  ef  
NH  PC  -37.97  ef  
NF  NC  -39.92  f  










Chapter 4: Discussion 
 
 
Based on the results of this study: 
1. The null hypotheses were rejected as significant difference was found in surface 
roughness (Ra) and gloss (GU) of ceramic restorations when subjected to different 
grit size prophylactic polishing pastes. 
2. The null hypotheses were rejected as significant difference was found in surface 
roughness (Ra) and gloss (GU) of composite restorations when subjected to 
different grit size prophylactic polishing pastes. 
There is limited information about the effect of prophylactic pastes on the surface 
roughness and gloss of various ceramic and composite dental restorative materials. 
Understanding the effect of abrasiveness of prophylactic pastes helps to prevent 
detrimental effect on the surface roughness and gloss. 
Coarse prophylactic pastes are by far the most widely used materials in preventive 
procedures due to the immediate effect in removing stains from the surface of teeth and 
restorations. However, the visible impact they have on the surface is due to the geometry 
and sharpness of the pumice, and their large particle size, which consequently causes 
significant damage to the surface of restorative materials and human enamel. Results 
observed in this study corroborates this fact, showing that coarse pumice-based 
formulations of prophylactic pastes have a significant detrimental effect on the surface 




In the present study, Nupro coarse had a significant detrimental effect on all 
composite resins and human enamel. While the remaining prophylactic pastes had less 
impact, Proxyt fine showed the least effect on the roughness and gloss of all groups. This 
finding is in agreement with a previous study in 2002 by Warren et al where they compared 
three pumice based (fine, medium, and coarse) and one perlite based prophy pastes when 
applied to tooth colored materials; composite, hybrid ionomer and compomer. This study 
verified that prophylaxis pastes roughen the surfaces of restorative materials rather than 
provide smoothness. Roughened surfaces predispose restored teeth to plaque 
accumulation, recurrent caries, gingivitis and loss of periodontal attachment. Smooth 
surface provides better esthetic and function of the restorative materials. According to 
Warren et al (2002), restorations become less esthetic because of stain and color changes 
and their study, they concluded that fine pumice and perlite created the least roughness on 
the hybrid ionomer, medium and fine pumice on the resin composite, and perlite on the 
compomer.[48]  
In our study we found that most of the coarse prophylactic pastes produced 
significant roughening which coincides with a study conducted by Yap A et al (2005), as 
the study concluded the effect of hygiene procedures on surface roughness was material 
dependent.[6]  Our findings showed that there were changes in surface gloss and roughness 
due to polishing with the coarse prophylactic pastes. However, Proxyt fine prophylactic 
paste showed no significant effect on surface gloss and roughness compared to baseline of 




In our study we found that spherical silica-based abrasive contained in Proxyt fine 
had less effect on the surface gloss and roughness compared to the coarse pumice-based 
prophylactic pastes. These results are in agreement with a previous study conducted by 
Rühling et al in 2004, in which they found that loss of various restorative materials was 
evaluated after cleaning with Cleanic that showed  an increase in the surface abrasion.[48] 
According to the information provided by the manufacturer, Proxyt fine contains 
spherical silica-based particles, which have a gentler effect on the surface, while achieving 
the function of polishing the surface compared to the pumice-based abrasives. The coarse 
and medium Proxyt pastes still contains pumice as an abrasive.  Proxyt fine polishes 
surfaces effectively while preventing unnecessary abrasion of tooth structure or 
roughening. In addition, spherical silica contained in Proxyt does not exhibit any sharp 
edges in contrast to the particles of other prophylactic pastes.[10]  
In 2017, Sugiyama T et al concluded the same finding in our study. They found 
that polishing with prophylactic paste led to a significant reduction in surface gloss and 
increase in surface roughness among resin composite blocks.[7]   In 2014, Monaco et al 
concluded that surface roughness of the ceramics varied depending on the paste used.[49]   
Glazed zirconia shows higher wear loss to opposing dentition than that of polished 
zirconia, although the surface of glazed zirconia was smooth before wear testing. Because 
the thin glaze layer (ca. 100 mm) chips and disappears after a period of function, 




[34, 35]  Therefore, particular attention should be exercised during prophylactic procedures 
to prevent weakening and loss of the glaze layers as a result of coarse and pumice-based 
prophylactic paste application.  
Proxyt fine has shown the least effect on the surface of restorative materials, 
showing favorable results. This result is logical as the spherical silica-based particles have 
a gentle effect on the surface, while achieving the function of cleaning the surface and 
achieving a adequate prophylactic effect. 
Results from this study is of great importance. Careful understanding of this 
detrimental effect is imperative for future application of these prophylactic pastes.  
The limitations of this study include that it is an in vitro study that does not fully 
replicate what may happen in the oral cavity such as wear, occlusal forces, diet, and 
presence of the saliva. Also, polishing of the samples were standardized, which is not the 
real case in clinical situations. 
Further investigations are necessary to evaluate the surface roughness and gloss of 
esthetic restorative dental materials subjected to different grit size prophylactic pastes as 






Chapter 5: Conclusion 
 
Nupro coarse had a significant detrimental effect on most of the groups and human 
enamel. This reduction on the surface gloss and increased surface roughness ultimately 
leads to higher plaque retention, reduced esthetics, gingival irritation and decreasing the 
longevity of the restorations. While the remaining prophylactic pastes had less impact, 
Proxyt fine showing the least detrimental effect on the roughness of all groups due to its’ 
innovative silica-based spherical particles, which prove to be gentle on the surface of dental 
restorations and human enamel alike. This study provided vital information on the risk of 
highly abrasive prophylactic pastes. Dental practitioners must exercise caution when 
selecting the prophylactic pastes for routine dental hygiene appointments, as abrasive 






































Figure 1: Feldspathic VITABLOCS Mark II, A2C, Vita 
 
Figure 2: Feldspathic sliced specimens Figure 3: Feldspathic 
VITABLOCS Mark II, A2C, Vita 
































Figure 5: Isomet 1000 precision saw (Buehler) used to  section into 
2-mm-thick slices (12x14 mm) 
 
Figure 6: Metaserv 2000 variable speed grinder-polisher 
(Buehler)Figure 7: Isomet 1000 precision saw (Buehler) used to  
section into 2-mm-thick slices (12x14 mm) 































Figure 5: Kimwipes 
 
Figure 9: Application of spray GlazeFigure 5: Kimwipes 
Figure 6: e.max CAD Crystall. Glaze spray,Vita Akzent Plus. 
 
Figure 5: KimwipesFigure 6: E.max CAD Crystall. Glaze 

























Figure 10: Application of spray Glaze 
 
Figure 11: Programat CS2, Program P1Figure 
12: Application of spray Glaze 

























Figure 14:  IPS e.max blocks 
 
Figure 15:IPS e.max slicesFigure 16:  IPS e.max blocks 




















Figure 18: IPS e.max ZirCAD MT Multi A2 puck 
 
Figure 19: IPS e.max ZirCAD MT A2 puckFigure 20: 
IPS e.max ZirCAD MT Multi A2 puck 




















Figure 13: IPS e.max ZirCAD MT Multi A2, MT A2, 3-mm-thick slices before 
sintering. 































Figure 15: Liquid Glaze and stain (Ivocolor) 






























Figure 17: Stain application (Ivocolor) 






















Figure 19: Packing resin composites into the mold 































Figure 21: Resin composites disk shaped (2x14mm diameter) 























Figure 23: Tetric CAD resin composite 2-mm-thick slices (12x14 mm) 












Figure 25: Double sided tape (3M) 



















































































Figure 29: Prophylactic pastes: Nupro Coarse, Nupro fine, Proxyt Coarse, Proxyt 
Fine 



























Figure 31: Profilometer for quantitative measurement of the roughness  












































Figure 34: Dotplot of mean difference in roughness by group 































Figure 36: Effect of prophylactic pastes on surface gloss of ceramics 
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Figure 44: SEM image Micro-hybrid Composite 1000x 
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Figure 47: SEM image ZirCAD MT Multi (stain & glaze) 1000x 
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Figure 50: SEM image ZirCAD MT (Stain and glaze) 1000x 
Baseline  
Nupro Coarse  
Proxyt Fine  Nupro Fine   















Figure 51: SEM image extracted human teeth 1000x 
Baseline  
Nupro Coarse  
Nupro Fine   
Proxyt Coarse  













































































































































Appendix A: ZirCAD/Tetric Row Baseline Data 
 
ID Material Prophy Paste Glaze Method Gloss & Rough Averages 








1  ZirCAD MT Multi Nupro coarse Spray Glaze 94.6 92.2 93.2 93.33333333 
2  ZirCAD MT Multi Nupro coarse Spray Glaze 95 92.6 93 93.53333333 
3  ZirCAD MT Multi Nupro coarse Spray Glaze 91.4 91.1 93.6 92.03333333 
4  ZirCAD MT Multi Nupro coarse Spray Glaze 93.7 92.5 91.2 92.46666667 
5  ZirCAD MT Multi Nupro coarse Spray Glaze 90.2 91.8 91.5 91.16666667 
6  ZirCAD MT Multi Nupro fine Spray Glaze 93 90.6 92.2 91.93333333 
7  ZirCAD MT Multi Nupro fine Spray Glaze 91.1 91.6 92.2 91.63333333 
8  ZirCAD MT Multi Nupro fine Spray Glaze 91.4 91.9 92 91.76666667 
9  ZirCAD MT Multi Nupro fine Spray Glaze 94 93.5 92.4 93.3 
10  ZirCAD MT Multi Nupro fine Spray Glaze 94 94.6 95 94.53333333 
11  ZirCAD MT Multi Proxyt coarse Spray Glaze 90.2 90.8 90.7 90.56666667 
12  ZirCAD MT Multi Proxyt coarse Spray Glaze 91.7 92.1 91.9 91.9 
13  ZirCAD MT Multi Proxyt coarse Spray Glaze 92.3 94.4 93 93.23333333 
14  ZirCAD MT Multi Proxyt coarse Spray Glaze 90.7 91.1 90 90.6 
15  ZirCAD MT Multi Proxyt coarse Spray Glaze 91.5 90.3 90.2 90.66666667 
16  ZirCAD MT Multi Proxyt fine Spray Glaze 91.4 90.4 91 90.93333333 
17  ZirCAD MT Multi Proxyt fine Spray Glaze 92.2 92 90.2 91.46666667 
18  ZirCAD MT Multi Proxyt fine Spray Glaze 90.1 90 90.4 90.16666667 
19  ZirCAD MT Multi Proxyt fine Spray Glaze 94.6 95 94.9 94.83333333 
20  ZirCAD MT Multi Proxyt fine Spray Glaze 91.8 92.3 93 92.36666667 
21  ZirCAD MT Multi Nupro coarse Liquid Glaze 86.6 87.3 87.5 87.13333333 
22  ZirCAD MT Multi Nupro coarse Liquid Glaze 82.9 83.7 82 82.86666667 
23  ZirCAD MT Multi Nupro coarse Liquid Glaze 81.1 82.6 80.4 81.36666667 
24  ZirCAD MT Multi Nupro coarse Liquid Glaze 82.5 84.2 81.4 82.7 
25  ZirCAD MT Multi Nupro coarse Liquid Glaze 80.1 81.3 81.1 80.83333333 
26  ZirCAD MT Multi Nupro fine Liquid Glaze 85.3 87.2 84.1 85.53333333 
27  ZirCAD MT Multi Nupro fine Liquid Glaze 83.6 81.2 86.1 83.63333333 
28  ZirCAD MT Multi Nupro fine Liquid Glaze 86.7 86.8 85.8 86.43333333 
29  ZirCAD MT Multi Nupro fine Liquid Glaze 86.4 85.4 84.2 85.33333333 
30  ZirCAD MT Multi Nupro fine Liquid Glaze 86.6 86.3 85.9 86.26666667 
31  ZirCAD MT Multi Proxyt coarse Liquid Glaze 83.5 86 85.4 84.96666667 




33  ZirCAD MT Multi Proxyt coarse Liquid Glaze 82.1 82.2 81.2 81.83333333 
34  ZirCAD MT Multi Proxyt coarse Liquid Glaze 87.5 86.6 86.9 87 
35  ZirCAD MT Multi Proxyt coarse Liquid Glaze 84.9 83.3 83.8 84 
36  ZirCAD MT Multi Proxyt fine Liquid Glaze 89.1 86.3 88.4 87.93333333 
37  ZirCAD MT Multi Proxyt fine Liquid Glaze 84.6 86.4 84.7 85.23333333 
38  ZirCAD MT Multi Proxyt fine Liquid Glaze 80.4 79.6 83.4 81.13333333 
39  ZirCAD MT Multi Proxyt fine Liquid Glaze 83.1 82.1 83.6 82.93333333 
40  ZirCAD MT Multi Proxyt fine Liquid Glaze 84 83.5 82.7 83.4 
41  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
90.1 92.4 93.6 92.03333333 
42  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
92.5 90.5 94.3 92.43333333 
43  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
94.1 95.7 94.6 94.8 
44  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
89.4 92.2 92 91.2 
45  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
93.8 94 93.7 93.83333333 
46  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
89.6 89.2 92 90.26666667 
47  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
93.8 92.2 93.4 93.13333333 
48  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
92.6 92.8 93.9 93.1 
49  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
90.3 92.1 89.9 90.76666667 
50  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
89.6 90.4 91.6 90.53333333 
51  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
94.7 94 94.9 94.53333333 
52  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
92.5 94.7 92.2 93.13333333 
53  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
93.8 93 93.9 93.56666667 
54  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
94.8 94.3 94.1 94.4 
55  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
88.5 89.6 90.1 89.4 
56  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
90.8 90.1 91.7 90.86666667 
57  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
93 92.4 92.3 92.56666667 
58  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
92.3 90.6 90.3 91.06666667 
59  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
90.1 91.7 90.2 90.66666667 
60  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
92.2 92.3 90.4 91.63333333 
61  ZirCAD MT Nupro coarse Spray Glaze 96.1 96 95.9 96 
62  ZirCAD MT Nupro coarse Spray Glaze 92.8 92.4 91.6 92.26666667 
63  ZirCAD MT Nupro coarse Spray Glaze 94.1 94.4 94.7 94.4 
64  ZirCAD MT Nupro coarse Spray Glaze 95.4 94.4 93.4 94.4 
65  ZirCAD MT Nupro coarse Spray Glaze 95 94.2 95.5 94.9 




67  ZirCAD MT Nupro fine Spray Glaze 95.1 94.9 93.1 94.36666667 
68  ZirCAD MT Nupro fine Spray Glaze 95.8 96 96.3 96.03333333 
69  ZirCAD MT Nupro fine Spray Glaze 92.7 93.4 92 92.7 
70  ZirCAD MT Nupro fine Spray Glaze 92.2 93 92.9 92.7 
71  ZirCAD MT Proxyt coarse Spray Glaze 94.7 96 94.8 95.16666667 
72  ZirCAD MT Proxyt coarse Spray Glaze 95.1 96 95.2 95.43333333 
73  ZirCAD MT Proxyt coarse Spray Glaze 92.9 93.5 92.6 93 
74  ZirCAD MT Proxyt coarse Spray Glaze 93.7 93.3 94.1 93.7 
75  ZirCAD MT Proxyt coarse Spray Glaze 94.9 95.8 94 94.9 
76  ZirCAD MT Proxyt fine Spray Glaze 92.5 93.3 92.2 92.66666667 
77  ZirCAD MT Proxyt fine Spray Glaze 91.8 92 93.4 92.4 
78  ZirCAD MT Proxyt fine Spray Glaze 96.4 94.2 93.9 94.83333333 
79  ZirCAD MT Proxyt fine Spray Glaze 96.2 92.4 93.6 94.06666667 
80  ZirCAD MT Proxyt fine Spray Glaze 95.5 95.6 94.8 95.3 
81  ZirCAD MT Nupro coarse Liquid Glaze 86.3 84 83.4 84.56666667 
82  ZirCAD MT Nupro coarse Liquid Glaze 80.3 80.1 81.4 80.6 
83  ZirCAD MT Nupro coarse Liquid Glaze 81.4 82.4 81.9 81.9 
84  ZirCAD MT Nupro coarse Liquid Glaze 83.6 84.2 82 83.26666667 
85  ZirCAD MT Nupro coarse Liquid Glaze 84.2 86.3 86 85.5 
86  ZirCAD MT Nupro fine Liquid Glaze 88.3 89 87.4 88.23333333 
87  ZirCAD MT Nupro fine Liquid Glaze 89.1 88.2 86 87.76666667 
88  ZirCAD MT Nupro fine Liquid Glaze 89.4 89 90.1 89.5 
89  ZirCAD MT Nupro fine Liquid Glaze 88.7 88 87.7 88.13333333 
90  ZirCAD MT Nupro fine Liquid Glaze 87.1 86.4 88.7 87.4 
91  ZirCAD MT Proxyt coarse Liquid Glaze 84.4 86.3 83.4 84.7 
92  ZirCAD MT Proxyt coarse Liquid Glaze 82.2 82.3 84.1 82.86666667 
93  ZirCAD MT Proxyt coarse Liquid Glaze 87.4 88.3 89 88.23333333 
94  ZirCAD MT Proxyt coarse Liquid Glaze 84.4 85.3 85.5 85.06666667 
95  ZirCAD MT Proxyt coarse Liquid Glaze 88.1 88.4 84.9 87.13333333 
96  ZirCAD MT Proxyt fine Liquid Glaze 84.8 86.1 84.4 85.1 
97  ZirCAD MT Proxyt fine Liquid Glaze 84 86.2 83.6 84.6 
98  ZirCAD MT Proxyt fine Liquid Glaze 88.7 88.8 85.4 87.63333333 
99  ZirCAD MT Proxyt fine Liquid Glaze 86.9 88.5 87.4 87.6 
100  ZirCAD MT Proxyt fine Liquid Glaze 85.2 85.3 84.2 84.9 
101  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
81.4 80 80.6 80.66666667 
102  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
80.3 81.3 79.6 80.4 
103  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 




104  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
78.6 77.8 79.3 78.56666667 
105  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
79.4 80.3 78.4 79.36666667 
106  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
83.4 84 82.6 83.33333333 
107  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
85.6 84.3 84.9 84.93333333 
108  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
76.8 78 79.4 78.06666667 
109  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
83.2 79.2 80 80.8 
110  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
79.6 81.4 78.9 79.96666667 
111  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
79.9 79.1 80 79.66666667 
112  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
83.1 79.6 84.4 82.36666667 
113  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
80.4 82 83.6 82 
114  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
86.4 85 85.9 85.76666667 
115  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
85.7 86 84.3 85.33333333 
116  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
78.6 75.3 76.3 76.73333333 
117  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
78.9 78 80.3 79.06666667 
118  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
79.6 80.4 77.9 79.3 
119  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
78.9 78.2 79 78.7 
120  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
80.3 79.8 78.7 79.6 
121 Tetric CAD Composite 
Block 
Nupro coarse   82.6 82.2 80.9 81.9 
122 Tetric CAD Composite 
Block 
Nupro coarse   80.3 81.4 85.5 82.4 
123 Tetric CAD Composite 
Block 
Nupro coarse   81.6 80.5 81.4 81.16666667 
124 Tetric CAD Composite 
Block 
Nupro coarse   83 85.6 84 84.2 
125 Tetric CAD Composite 
Block 
Nupro coarse   80.7 82.2 81.7 81.53333333 
126 Tetric CAD Composite 
Block 
Nupro fine   81.2 82 83.3 82.16666667 
127 Tetric CAD Composite 
Block 
Nupro fine   84.4 83.4 82.5 83.43333333 
128 Tetric CAD Composite 
Block 
Nupro fine   85.6 87 86.3 86.3 
129 Tetric CAD Composite 
Block 
Nupro fine   83.9 81.3 81.4 82.2 
130 Tetric CAD Composite 
Block 
Nupro fine   82.2 83.1 83.6 82.96666667 
131 Tetric CAD Composite 
Block 
Proxyt coarse   84.1 82.8 84.9 83.93333333 
132 Tetric CAD Composite 
Block 
Proxyt coarse   83.1 83.8 83.9 83.6 
133 Tetric CAD Composite 
Block 
Proxyt coarse   82.4 84.2 82.4 83 
134 Tetric CAD Composite 
Block 




135 Tetric CAD Composite 
Block 
Proxyt coarse   80.4 82.3 83 81.9 
136 Tetric CAD Composite 
Block 
Proxyt fine   81.4 82 83.1 82.16666667 
137 Tetric CAD Composite 
Block 
Proxyt fine   80.4 81.1 80.2 80.56666667 
138 Tetric CAD Composite 
Block 
Proxyt fine   80.2 80.1 80 80.1 
139 Tetric CAD Composite 
Block 
Proxyt fine   86.4 82 81.1 83.16666667 
140 Tetric CAD Composite 
Block 
Proxyt fine   82.1 80.9 81.2 81.4 
1  ZirCAD MT Multi Nupro coarse Spray Glaze 0.17263 0.14081 0.13203 0.14849 
2  ZirCAD MT Multi Nupro coarse Spray Glaze 0.18274 0.15739 0.16321 0.16778 
3  ZirCAD MT Multi Nupro coarse Spray Glaze 0.15396 0.1467 0.16782 0.15616 
4  ZirCAD MT Multi Nupro coarse Spray Glaze 0.15686 0.17809 0.1556 0.163516667 
5  ZirCAD MT Multi Nupro coarse Spray Glaze 0.17048 0.14248 0.18188 0.164946667 
6  ZirCAD MT Multi Nupro fine Spray Glaze 0.16771 0.15633 0.13464 0.152893333 
7  ZirCAD MT Multi Nupro fine Spray Glaze 0.1685 0.13291 0.16706 0.156156667 
8  ZirCAD MT Multi Nupro fine Spray Glaze 0.17541 0.17101 0.17613 0.174183333 
9  ZirCAD MT Multi Nupro fine Spray Glaze 0.18821 0.1733 0.18395 0.18182 
10  ZirCAD MT Multi Nupro fine Spray Glaze 0.19105 0.19582 0.19943 0.195433333 
11  ZirCAD MT Multi Proxyt coarse Spray Glaze 0.19735 0.1682 0.16728 0.17761 
12  ZirCAD MT Multi Proxyt coarse Spray Glaze 0.15701 0.16664 0.17854 0.167396667 
13  ZirCAD MT Multi Proxyt coarse Spray Glaze 0.18902 0.18765 0.19299 0.189886667 
14  ZirCAD MT Multi Proxyt coarse Spray Glaze 0.15503 0.17316 0.16073 0.162973333 
15  ZirCAD MT Multi Proxyt coarse Spray Glaze 0.1962 0.19296 0.19442 0.194526667 
16  ZirCAD MT Multi Proxyt fine Spray Glaze 0.14689 0.17034 0.17922 0.165483333 
17  ZirCAD MT Multi Proxyt fine Spray Glaze 0.17172 0.14376 0.18028 0.165253333 
18  ZirCAD MT Multi Proxyt fine Spray Glaze 0.16171 0.17013 0.16591 0.165916667 
19  ZirCAD MT Multi Proxyt fine Spray Glaze 0.14131 0.13899 0.17828 0.15286 
20  ZirCAD MT Multi Proxyt fine Spray Glaze 0.18245 0.18909 0.1784 0.183313333 
21  ZirCAD MT Multi Nupro coarse Liquid Glaze 0.15613 0.20534 0.18344
5 
0.181638333 
22  ZirCAD MT Multi Nupro coarse Liquid Glaze 0.19075 0.18609 0.18985 0.188896667 
23  ZirCAD MT Multi Nupro coarse Liquid Glaze 0.20184 0.21202 0.21181 0.208556667 
24  ZirCAD MT Multi Nupro coarse Liquid Glaze 0.20157 0.19962 0.20109 0.20076 
25  ZirCAD MT Multi Nupro coarse Liquid Glaze 0.19711 0.18844 0.21063 0.198726667 
26  ZirCAD MT Multi Nupro fine Liquid Glaze 0.18226 0.19963 0.20419 0.19536 
27  ZirCAD MT Multi Nupro fine Liquid Glaze 0.19487 0.20097 0.19756 0.1978 
28  ZirCAD MT Multi Nupro fine Liquid Glaze 0.19446 0.19342 0.1934 0.19376 
29  ZirCAD MT Multi Nupro fine Liquid Glaze 0.18659 0.18466 0.18548 0.185576667 
30  ZirCAD MT Multi Nupro fine Liquid Glaze 0.2027 0.20713 0.21069 0.20684 




32  ZirCAD MT Multi Proxyt coarse Liquid Glaze 0.1724 0.17313 0.17155 0.17236 
33  ZirCAD MT Multi Proxyt coarse Liquid Glaze 0.17476 0.1725 0.17304 0.173433333 
34  ZirCAD MT Multi Proxyt coarse Liquid Glaze 0.2175 0.1977 0.20053 0.205243333 
35  ZirCAD MT Multi Proxyt coarse Liquid Glaze 0.21395 0.21126 0.21182 0.212343333 
36  ZirCAD MT Multi Proxyt fine Liquid Glaze 0.21332 0.21423 0.21057 0.212706667 
37  ZirCAD MT Multi Proxyt fine Liquid Glaze 0.17326 0.17305 0.17184 0.172716667 
38  ZirCAD MT Multi Proxyt fine Liquid Glaze 0.18907 0.19015 0.19024 0.18982 
39  ZirCAD MT Multi Proxyt fine Liquid Glaze 0.17283 0.17325 0.17133 0.17247 
40  ZirCAD MT Multi Proxyt fine Liquid Glaze 0.17162 0.19299 0.19484 0.186483333 
41  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
0.1608 0.1613 0.15153 0.157876667 
42  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
0.16719 0.16565 0.16852 0.16712 
43  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
0.17485 0.17522 0.17215 0.174073333 
44  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
0.18729 0.18921 0.1876 0.188033333 
45  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
0.15356 0.15265 0.16135 0.155853333 
46  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
0.14613 0.19335 0.13116 0.15688 
47  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
0.1843 0.18183 0.18309 0.183073333 
48  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
0.17692 0.17824 0.17814 0.177766667 
49  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
0.17987 0.17897 0.17936 0.1794 
50  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
0.1807 0.18148 0.18149 0.181223333 
51  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
0.18295 0.18148 0.18149 0.181973333 
52  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
0.16786 0.16794 0.1688 0.1682 
53  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
0.16341 0.19209 0.19631 0.183936667 
54  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
0.18902 0.18583 0.18461 0.186486667 
55  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
0.15298 0.20079 0.18868 0.180816667 
56  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
0.1743 0.1721 0.1721 0.172833333 
57  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
0.16803 0.16941 0.16922 0.168886667 
58  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
0.15006 0.15426 0.15181 0.152043333 
59  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
0.16035 0.15762 0.15899 0.158986667 
60  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
0.17409 0.17481 0.17383 0.174243333 
61  ZirCAD MT Nupro coarse Spray Glaze 0.17853 0.1794 0.17922 0.17905 
62  ZirCAD MT Nupro coarse Spray Glaze 0.16432 0.16524 0.16314 0.164233333 
63  ZirCAD MT Nupro coarse Spray Glaze 0.19822 0.15691 0.15459 0.169906667 
64  ZirCAD MT Nupro coarse Spray Glaze 0.18028 0.1797 0.18029 0.18009 




66  ZirCAD MT Nupro fine Spray Glaze 0.16822 0.16771 0.16807 0.168 
67  ZirCAD MT Nupro fine Spray Glaze 0.17131 0.17927 0.1741 0.174893333 
68  ZirCAD MT Nupro fine Spray Glaze 0.17292 0.17374 0.17296 0.173206667 
69  ZirCAD MT Nupro fine Spray Glaze 0.19823 0.19769 0.19742 0.19778 
70  ZirCAD MT Nupro fine Spray Glaze 0.1737 0.17344 0.17335 0.173496667 
71  ZirCAD MT Proxyt coarse Spray Glaze 0.17471 0.17828 0.18193 0.178306667 
72  ZirCAD MT Proxyt coarse Spray Glaze 0.16339 0.17169 0.16103 0.16537 
73  ZirCAD MT Proxyt coarse Spray Glaze 0.19629 0.19451 0.19367 0.194823333 
74  ZirCAD MT Proxyt coarse Spray Glaze 0.17001 0.17031 0.17017 0.170163333 
75  ZirCAD MT Proxyt coarse Spray Glaze 0.17571 0.17524 0.17309 0.17468 
76  ZirCAD MT Proxyt fine Spray Glaze 0.17728 0.17828 0.17723 0.177596667 
77  ZirCAD MT Proxyt fine Spray Glaze 0.17194 0.17446 0.17337 0.173256667 
78  ZirCAD MT Proxyt fine Spray Glaze 0.17111 0.17152 0.17055 0.17106 
79  ZirCAD MT Proxyt fine Spray Glaze 0.18758 0.1899 0.18906 0.188846667 
80  ZirCAD MT Proxyt fine Spray Glaze 0.18136 0.18223 0.18512 0.182903333 
81  ZirCAD MT Nupro coarse Liquid Glaze 0.16061 0.18815 0.18823 0.178996667 
82  ZirCAD MT Nupro coarse Liquid Glaze 0.16529 0.16388 0.16472 0.16463 
83  ZirCAD MT Nupro coarse Liquid Glaze 0.17258 0.16353 0.15652 0.16421 
84  ZirCAD MT Nupro coarse Liquid Glaze 0.17244 0.17091 0.17267 0.172006667 
85  ZirCAD MT Nupro coarse Liquid Glaze 0.18172 0.15831 0.17388 0.171303333 
86  ZirCAD MT Nupro fine Liquid Glaze 0.16874 0.17379 0.16365 0.168726667 
87  ZirCAD MT Nupro fine Liquid Glaze 0.16931 0.17136 0.17264 0.171103333 
88  ZirCAD MT Nupro fine Liquid Glaze 0.1758 0.19346 0.19272 0.187326667 
89  ZirCAD MT Nupro fine Liquid Glaze 0.1629 0.18832 0.1883 0.17984 
90  ZirCAD MT Nupro fine Liquid Glaze 0.1842 0.18088 0.1687 0.177926667 
91  ZirCAD MT Proxyt coarse Liquid Glaze 0.15205 0.17027 0.16126 0.161193333 
92  ZirCAD MT Proxyt coarse Liquid Glaze 0.19731 0.16247 0.16396 0.17458 
93  ZirCAD MT Proxyt coarse Liquid Glaze 0.18292 0.19845 0.17351 0.18496 
94  ZirCAD MT Proxyt coarse Liquid Glaze 0.19837 0.19864 0.19422 0.197076667 
95  ZirCAD MT Proxyt coarse Liquid Glaze 0.16865 0.16973 0.16989 0.169423333 
96  ZirCAD MT Proxyt fine Liquid Glaze 0.19991 0.16199 0.16213 0.174676667 
97  ZirCAD MT Proxyt fine Liquid Glaze 0.1743 0.17422 0.1749 0.174473333 
98  ZirCAD MT Proxyt fine Liquid Glaze 0.171 0.18136 0.17872 0.177026667 
99  ZirCAD MT Proxyt fine Liquid Glaze 0.17813 0.16237 0.15401 0.164836667 
100  ZirCAD MT Proxyt fine Liquid Glaze 0.18249 0.18011 0.18123 0.181276667 
101  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
0.16325 0.16948 0.17737 0.170033333 
102  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
0.15423 0.16515 0.16994 0.163106667 
103  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 




104  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
0.16059 0.18688 0.19045 0.179306667 
105  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
0.19811 0.19244 0.19625 0.1956 
106  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
0.16059 0.18688 0.19045 0.179306667 
107  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
0.18973 0.19122 0.19074 0.190563333 
108  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
0.17911 0.17822 0.1788 0.17871 
109  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
0.17764 0.1786 0.17849 0.178243333 
110  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
0.1594 0.15652 0.15783 0.157916667 
111  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
0.19215 0.19041 0.18911 0.190556667 
112  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
0.17645 0.17494 0.18242 0.177936667 
113  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
0.19189 0.18305 0.18201 0.18565 
114  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
0.17822 0.18716 0.17828 0.18122 
115  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
0.17877 0.17884 0.17812 0.178576667 
116  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
0.18887 0.18717 0.18507 0.187036667 
117  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
0.18427 0.18217 0.18121 0.18255 
118  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
0.1721 0.18348 0.18339 0.179656667 
119  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
0.17479 0.17554 0.17462 0.174983333 
120  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
0.18548 0.18561 0.18636 0.185816667 
121 Tetric CAD Composite 
Block 
Nupro coarse   0.11539 0.10952 0.13893 0.12128 
122 Tetric CAD Composite 
Block 
Nupro coarse   0.18575 0.18459 0.18416 0.184833333 
123 Tetric CAD Composite 
Block 
Nupro coarse   0.16839 0.18042 0.15547 0.168093333 
124 Tetric CAD Composite 
Block 
Nupro coarse   0.17111 0.17197 0.17278 0.171953333 
125 Tetric CAD Composite 
Block 
Nupro coarse   0.146 0.15079 0.15173 0.149506667 
126 Tetric CAD Composite 
Block 
Nupro fine   0.18365 0.17732 0.17726 0.17941 
127 Tetric CAD Composite 
Block 
Nupro fine   0.1457 0.17067 0.17043 0.162266667 
128 Tetric CAD Composite 
Block 
Nupro fine   0.16097 0.17053 0.16813 0.166543333 
129 Tetric CAD Composite 
Block 
Nupro fine   0.1855 0.1845 0.18308 0.18436 
130 Tetric CAD Composite 
Block 
Nupro fine   0.17822 0.17777 0.17527 0.177086667 
131 Tetric CAD Composite 
Block 
Proxyt coarse   0.18639 0.18674 0.18615 0.186426667 
132 Tetric CAD Composite 
Block 
Proxyt coarse   0.18719 0.1862 0.18705 0.186813333 
133 Tetric CAD Composite 
Block 
Proxyt coarse   0.18445 0.18234 0.18365 0.18348 
134 Tetric CAD Composite 
Block 




135 Tetric CAD Composite 
Block 
Proxyt coarse   0.17907 0.17764 0.17859 0.178433333 
136 Tetric CAD Composite 
Block 
Proxyt fine   0.16762 0.1735 0.16732 0.16948 
137 Tetric CAD Composite 
Block 
Proxyt fine   0.16681 0.16554 0.16499 0.16578 
138 Tetric CAD Composite 
Block 
Proxyt fine   0.19836 0.18512 0.18715 0.19021 
139 Tetric CAD Composite 
Block 
Proxyt fine   0.17133 0.17366 0.17241 0.172466667 
140 Tetric CAD Composite 
Block 




Appendix B: ZirCAD/Tetric Row After Treatment Data 
 
ID Material Prophy Paste Glaze Method Gloss & Rough Averages 
    
After 1 After 2 After 3   
1  ZirCAD MT Multi Nupro coarse Spray Glaze 81.1 80 78.7 79.9333333
3 
2  ZirCAD MT Multi Nupro coarse Spray Glaze 81.2 78.4 81 80.2 
3  ZirCAD MT Multi Nupro coarse Spray Glaze 78.4 82.5 79.5 80.1333333
3 
4  ZirCAD MT Multi Nupro coarse Spray Glaze 79.5 80 82.3 80.6 
5  ZirCAD MT Multi Nupro coarse Spray Glaze 81.3 78.9 81 80.4 
6  ZirCAD MT Multi Nupro fine Spray Glaze 82.6 83 84 83.2 
7  ZirCAD MT Multi Nupro fine Spray Glaze 83 81.6 82.4 82.3333333
3 
8  ZirCAD MT Multi Nupro fine Spray Glaze 89.2 87.2 80 85.4666666
7 
9  ZirCAD MT Multi Nupro fine Spray Glaze 89.1 90.7 85.6 88.4666666
7 
10  ZirCAD MT Multi Nupro fine Spray Glaze 92 90.5 91.3 91.2666666
7 
11  ZirCAD MT Multi Proxyt coarse Spray Glaze 90.1 89.4 91 90.1666666
7 
12  ZirCAD MT Multi Proxyt coarse Spray Glaze 87.8 89.6 92 89.8 
13  ZirCAD MT Multi Proxyt coarse Spray Glaze 90.6 87.5 88.2 88.7666666
7 
14  ZirCAD MT Multi Proxyt coarse Spray Glaze 86.4 87.5 87 86.9666666
7 
15  ZirCAD MT Multi Proxyt coarse Spray Glaze 88.5 89 86.1 87.8666666
7 
16  ZirCAD MT Multi Proxyt fine Spray Glaze 90.3 89.8 89.6 89.9 
17  ZirCAD MT Multi Proxyt fine Spray Glaze 88.7 88.4 89 88.7 
18  ZirCAD MT Multi Proxyt fine Spray Glaze 89.6 90.4 90 90 
19  ZirCAD MT Multi Proxyt fine Spray Glaze 91.6 89.1 89.3 90 
20  ZirCAD MT Multi Proxyt fine Spray Glaze 88.4 87.9 90.7 89 
21  ZirCAD MT Multi Nupro coarse Liquid Glaze 64.1 67.6 69.8 67.1666666
7 





23  ZirCAD MT Multi Nupro coarse Liquid Glaze 74.1 75.9 75.7 75.2333333
3 
24  ZirCAD MT Multi Nupro coarse Liquid Glaze 76.5 74.1 74.4 75 
25  ZirCAD MT Multi Nupro coarse Liquid Glaze 69.3 70.4 68.5 69.4 
26  ZirCAD MT Multi Nupro fine Liquid Glaze 81.5 81.3 80.3 81.0333333
3 
27  ZirCAD MT Multi Nupro fine Liquid Glaze 79.4 78.5 
 
78.95 
28  ZirCAD MT Multi Nupro fine Liquid Glaze 87.4 84.4 85 85.6 
29  ZirCAD MT Multi Nupro fine Liquid Glaze 82.5 81.1 79.1 80.9 
30  ZirCAD MT Multi Nupro fine Liquid Glaze 82.7 83.5 84.1 83.4333333
3 
31  ZirCAD MT Multi Proxyt coarse Liquid Glaze 76.2 82.1 79.2 79.1666666
7 
32  ZirCAD MT Multi Proxyt coarse Liquid Glaze 85.2 82.3 81.4 82.9666666
7 
33  ZirCAD MT Multi Proxyt coarse Liquid Glaze 76.3 74.9 77.6 76.2666666
7 
34  ZirCAD MT Multi Proxyt coarse Liquid Glaze 84.4 82.3 80.6 82.4333333
3 
35  ZirCAD MT Multi Proxyt coarse Liquid Glaze 79.6 81.3 81.7 80.8666666
7 
36  ZirCAD MT Multi Proxyt fine Liquid Glaze 85.6 85.3 85.1 85.3333333
3 
37  ZirCAD MT Multi Proxyt fine Liquid Glaze 83.4 85 84.6 84.3333333
3 
38  ZirCAD MT Multi Proxyt fine Liquid Glaze 78.8 76.2 77.2 77.4 
39  ZirCAD MT Multi Proxyt fine Liquid Glaze 77 79.5 76.4 77.6333333
3 
40  ZirCAD MT Multi Proxyt fine Liquid Glaze 77 77.5 79.4 77.9666666
7 
41  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
83.4 84.6 83.6 83.8666666
7 
42  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
85 80.8 80 81.9333333
3 
43  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
83.3 82.1 84 83.1333333
3 
44  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
86.1 84.4 83 84.5 
45  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
84.6 82 84.9 83.8333333
3 
46  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
87.4 87.6 89.9 88.3 
47  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
89.5 91.6 92.5 91.2 
48  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
89.1 92.2 87.9 89.7333333
3 
49  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
89 89.3 89 89.1 
50  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
90.4 88.8 87.2 88.8 
51  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
91.4 91.8 92.8 92 
52  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
90.5 89.4 91 90.3 
53  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
88.9 87.7 90.4 89 
54  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 





55  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
80.2 84.3 82.7 82.4 
56  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
88.8 90.6 89.3 89.5666666
7 
57  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
90.3 91 91.4 90.9 
58  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
89.8 89.6 90.1 89.8333333
3 
59  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
88.8 89.1 89.6 89.1666666
7 
60  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
90.2 90 91 90.4 
61  ZirCAD MT Nupro coarse Spray Glaze 84 85.6 79.1 82.9 
62  ZirCAD MT Nupro coarse Spray Glaze 89.6 86.9 83.7 86.7333333
3 
63  ZirCAD MT Nupro coarse Spray Glaze 86.3 85.9 86.3 86.1666666
7 
64  ZirCAD MT Nupro coarse Spray Glaze 86.8 88 84.3 86.3666666
7 
65  ZirCAD MT Nupro coarse Spray Glaze 86.6 84.4 85.3 85.4333333
3 
66  ZirCAD MT Nupro fine Spray Glaze 90.6 91.4 92.4 91.4666666
7 
67  ZirCAD MT Nupro fine Spray Glaze 92.3 90.6 93.1 92 
68  ZirCAD MT Nupro fine Spray Glaze 90.3 91.5 90 90.6 
69  ZirCAD MT Nupro fine Spray Glaze 90.2 90.7 91.8 90.9 
70  ZirCAD MT Nupro fine Spray Glaze 90.4 91 90.6 90.6666666
7 
71  ZirCAD MT Proxyt coarse Spray Glaze 93.1 92.8 93 92.9666666
7 
72  ZirCAD MT Proxyt coarse Spray Glaze 90.2 94.3 93.6 92.7 
73  ZirCAD MT Proxyt coarse Spray Glaze 88.6 86.5 86.9 87.3333333
3 
74  ZirCAD MT Proxyt coarse Spray Glaze 88.5 89.9 88.4 88.9333333
3 
75  ZirCAD MT Proxyt coarse Spray Glaze 92.5 90 88.6 90.3666666
7 
76  ZirCAD MT Proxyt fine Spray Glaze 89.6 90.8 91.3 90.5666666
7 
77  ZirCAD MT Proxyt fine Spray Glaze 89.9 91.4 91.8 91.0333333
3 
78  ZirCAD MT Proxyt fine Spray Glaze 92.8 92.5 94.4 93.2333333
3 
79  ZirCAD MT Proxyt fine Spray Glaze 92.8 94.7 93.1 93.5333333
3 
80  ZirCAD MT Proxyt fine Spray Glaze 93.3 94 94.3 93.8666666
7 
81  ZirCAD MT Nupro coarse Liquid Glaze 80 78.8 76 78.2666666
7 
82  ZirCAD MT Nupro coarse Liquid Glaze 68.2 63.5 69 66.9 
83  ZirCAD MT Nupro coarse Liquid Glaze 61.4 60.9 61.8 61.3666666
7 
84  ZirCAD MT Nupro coarse Liquid Glaze 64.7 65.4 61.7 63.9333333
3 
85  ZirCAD MT Nupro coarse Liquid Glaze 72.6 75.5 72.3 73.4666666
7 
86  ZirCAD MT Nupro fine Liquid Glaze 86.4 86 86.3 86.2333333
3 




88  ZirCAD MT Nupro fine Liquid Glaze 89 88.2 88.9 88.7 
89  ZirCAD MT Nupro fine Liquid Glaze 87.1 88 86.8 87.3 
90  ZirCAD MT Nupro fine Liquid Glaze 82.2 84.6 87.6 84.8 
91  ZirCAD MT Proxyt coarse Liquid Glaze 82.2 80.4 78.8 80.4666666
7 
92  ZirCAD MT Proxyt coarse Liquid Glaze 77 78.7 78.6 78.1 
93  ZirCAD MT Proxyt coarse Liquid Glaze 84.2 86.6 84 84.9333333
3 
94  ZirCAD MT Proxyt coarse Liquid Glaze 81.1 80 82 81.0333333
3 
95  ZirCAD MT Proxyt coarse Liquid Glaze 86.1 84.3 85.5 85.3 
96  ZirCAD MT Proxyt fine Liquid Glaze 83.5 82.4 85 83.6333333
3 
97  ZirCAD MT Proxyt fine Liquid Glaze 83.3 83 82.9 83.0666666
7 
98  ZirCAD MT Proxyt fine Liquid Glaze 86.2 86.2 86.3 86.2333333
3 
99  ZirCAD MT Proxyt fine Liquid Glaze 84.7 83.7 85 84.4666666
7 
100  ZirCAD MT Proxyt fine Liquid Glaze 81.5 82.3 84 82.6 
101  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
64.8 66.2 70.3 67.1 
102  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
65.8 63.9 63.3 64.3333333
3 
103  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
74.8 74.7 74 74.5 
104  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
65.2 65 62.2 64.1333333
3 
105  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
75.1 63.4 66.2 68.2333333
3 
106  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
82 80.6 83.2 81.9333333
3 
107  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
83.2 79.4 80.4 81 
108  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
76.2 78.1 78 77.4333333
3 
109  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
74.6 74.4 79.8 76.2666666
7 
110  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
76 75.3 76.9 76.0666666
7 
111  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
77 72 78.7 75.9 
112  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
74.3 75 76.7 75.3333333
3 
113  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
72.9 76.6 74.4 74.6333333
3 
114  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
71.1 74 79 74.7 
115  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
80.4 78 74.6 77.6666666
7 
116  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
79.4 77.4 72 76.2666666
7 
117  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
78.2 73 76.2 75.8 
118  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
74.5 75 76.1 75.2 
119  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 





120  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
79.2 74 76.3 76.5 
121 Tetric CAD Composite  Nupro coarse   6.8 6.7 6.9 6.8 
122 Tetric CAD Composite 
Block 
Nupro coarse   10.5 9.3 11.5 10.4333333
3 
123 Tetric CAD Composite 
Block 
Nupro coarse   10 9.4 9.9 9.76666666
7 
124 Tetric CAD Composite 
Block 
Nupro coarse   14 13.4 14 13.8 
125 Tetric CAD Composite 
Block 
Nupro coarse   9.5 9.7 10.1 9.76666666
7 
126 Tetric CAD Composite 
Block 
Nupro fine   20 19.6 17.4 19 
127 Tetric CAD Composite 
Block 
Nupro fine   22.4 25.1 19.4 22.3 
128 Tetric CAD Composite 
Block 
Nupro fine   19.6 16.7 16.1 17.4666666
7 
129 Tetric CAD Composite 
Block 
Nupro fine   15.7 18.2 16.8 16.9 
130 Tetric CAD Composite 
Block 
Nupro fine   15.3 15.8 15.3 15.4666666
7 
131 Tetric CAD Composite 
Block 
Proxyt coarse   27.4 27.5 25.2 26.7 
132 Tetric CAD Composite 
Block 
Proxyt coarse   25.4 22.7 23 23.7 
133 Tetric CAD Composite 
Block 
Proxyt coarse   22.2 19.1 19.6 20.3 
134 Tetric CAD Composite 
Block 
Proxyt coarse   19.2 18.6 19.2 19 
135 Tetric CAD Composite 
Block 
Proxyt coarse   18.6 19.8 17.4 18.6 
136 Tetric CAD Composite 
Block 
Proxyt fine   77.5 76 77.7 77.0666666
7 
137 Tetric CAD Composite 
Block 
Proxyt fine   76 77.3 75 76.1 
138 Tetric CAD Composite 
Block 
Proxyt fine   73.9 74.6 76.5 75 
139 Tetric CAD Composite 
Block 
Proxyt fine   75.9 74.8 75.3 75.3333333
3 
140 Tetric CAD Composite 
Block 
Proxyt fine   76.1 75.1 73.4 74.8666666
7 
1  ZirCAD MT Multi Nupro coarse Spray Glaze 0.25951 0.25343 0.27637 0.26310333
3 
2  ZirCAD MT Multi Nupro coarse Spray Glaze 0.30541 0.23037 0.24449 0.26009 
3  ZirCAD MT Multi Nupro coarse Spray Glaze 0.24626 0.27409 0.30296 0.27443666
7 
4  ZirCAD MT Multi Nupro coarse Spray Glaze 0.25407 0.23562 0.23469 0.24146 
5  ZirCAD MT Multi Nupro coarse Spray Glaze 0.27062 0.22674 0.22473 0.24069666
7 
6  ZirCAD MT Multi Nupro fine Spray Glaze 0.20778 0.20265 0.19749 0.20264 
7  ZirCAD MT Multi Nupro fine Spray Glaze 0.18568 0.20455 0.20613 0.19878666
7 
8  ZirCAD MT Multi Nupro fine Spray Glaze 0.19531 0.21323 0.21283 0.20712333
3 
9  ZirCAD MT Multi Nupro fine Spray Glaze 0.21311 0.21309 0.19547 0.20722333
3 
10  ZirCAD MT Multi Nupro fine Spray Glaze 0.21972 0.21818 0.2202 0.21936666
7 




12  ZirCAD MT Multi Proxyt coarse Spray Glaze 0.18002 0.18554 0.2116 0.19238666
7 
13  ZirCAD MT Multi Proxyt coarse Spray Glaze 0.23667 0.2278 0.2284 0.23095666
7 
14  ZirCAD MT Multi Proxyt coarse Spray Glaze 0.1951 0.16739 0.20291 0.18846666
7 
15  ZirCAD MT Multi Proxyt coarse Spray Glaze 0.22599 0.22244 0.22293 0.22378666
7 
16  ZirCAD MT Multi Proxyt fine Spray Glaze 0.18472 0.19069 0.19075 0.18872 
17  ZirCAD MT Multi Proxyt fine Spray Glaze 0.17517 0.17121 0.19662 0.181 
18  ZirCAD MT Multi Proxyt fine Spray Glaze 0.18534 0.18004 0.17345 0.17961 
19  ZirCAD MT Multi Proxyt fine Spray Glaze 0.17106 0.16321 0.16145 0.16524 
20  ZirCAD MT Multi Proxyt fine Spray Glaze 0.19315 0.1934 0.18858 0.19171 
21  ZirCAD MT Multi Nupro coarse Liquid Glaze 0.29316 0.31473 0.29855 0.30214666
7 
22  ZirCAD MT Multi Nupro coarse Liquid Glaze 0.2518 0.291 0.32809 0.29029666
7 
23  ZirCAD MT Multi Nupro coarse Liquid Glaze 0.3372 0.29441 0.30386 0.31182333
3 
24  ZirCAD MT Multi Nupro coarse Liquid Glaze 0.24778 0.34648 0.27583 0.29003 
25  ZirCAD MT Multi Nupro coarse Liquid Glaze 0.32013 0.31474 0.30043 0.31176666
7 
26  ZirCAD MT Multi Nupro fine Liquid Glaze 0.24371 0.23854 0.23418 0.23881 
27  ZirCAD MT Multi Nupro fine Liquid Glaze 0.21377 0.2191 0.22265 0.21850666
7 
28  ZirCAD MT Multi Nupro fine Liquid Glaze 0.22555 0.22032 0.215 0.22029 
29  ZirCAD MT Multi Nupro fine Liquid Glaze 0.19776 0.22015 0.22799 0.2153 
30  ZirCAD MT Multi Nupro fine Liquid Glaze 0.23639 0.23614 0.23703 0.23652 
31  ZirCAD MT Multi Proxyt coarse Liquid Glaze 0.20092 0.20037 0.20113 0.20080666
7 
32  ZirCAD MT Multi Proxyt coarse Liquid Glaze 0.20976 0.21175 0.20067 0.20739333
3 
33  ZirCAD MT Multi Proxyt coarse Liquid Glaze 0.19693 0.19659 0.19723 0.19691666
7 
34  ZirCAD MT Multi Proxyt coarse Liquid Glaze 0.21432 0.21088 0.21539 0.21353 
35  ZirCAD MT Multi Proxyt coarse Liquid Glaze 0.24219 0.2339 0.23023 0.23544 
36  ZirCAD MT Multi Proxyt fine Liquid Glaze 0.21845 0.21674 0.21547 0.21688666
7 
37  ZirCAD MT Multi Proxyt fine Liquid Glaze 0.17371 0.18774 0.18734 0.18293 
38  ZirCAD MT Multi Proxyt fine Liquid Glaze 0.20067 0.20069 0.20279 0.20138333
3 
39  ZirCAD MT Multi Proxyt fine Liquid Glaze 0.18443 0.18522 0.18291 0.18418666
7 
40  ZirCAD MT Multi Proxyt fine Liquid Glaze 0.19792 0.1986 0.19683 0.19778333
3 
41  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
0.28027 0.28037 0.2812 0.28061333
3 
42  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
0.22287 0.3365 0.29789 0.28575333
3 
43  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
0.2877 0.29734 0.31107 0.29870333
3 
44  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 
0.33439 0.2821 0.27974 0.29874333
3 
45  ZirCAD MT Multi Nupro coarse stain + Liquid 
Glaze 





46  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
0.19877 0.2019 0.17113 0.1906 
47  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
0.20007 0.20399 0.20212 0.20206 
48  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
0.19897 0.21905 0.222 0.21334 
49  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
0.18764 0.25676 0.17517 0.20652333
3 
50  ZirCAD MT Multi Nupro fine stain + Liquid 
Glaze 
0.20103 0.24439 0.19087 0.21209666
7 
51  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
0.22161 0.21448 0.22002 0.21870333
3 
52  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
0.1955 0.19785 0.19906 0.19747 
53  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
0.21349 0.21354 0.212285 0.213105 
54  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
0.23882 0.22064 0.21979 0.22641666
7 
55  ZirCAD MT Multi Proxyt coarse stain + Liquid 
Glaze 
0.22476 0.2252 0.23485 0.22827 
56  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
0.17074 0.18444 0.17594 0.17704 
57  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
0.18762 0.17373 0.17499 0.17878 
58  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
0.17762 0.17783 0.17799 0.17781333
3 
59  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
0.18761 0.1724 0.17339 0.1778 
60  ZirCAD MT Multi Proxyt fine stain + Liquid 
Glaze 
0.1862 0.18409 0.18295 0.18441333
3 
61  ZirCAD MT Nupro coarse Spray Glaze 0.26086 0.39326 0.3218 0.32530666
7 
62  ZirCAD MT Nupro coarse Spray Glaze 0.30442 0.25832 0.33427 0.29900333
3 
63  ZirCAD MT Nupro coarse Spray Glaze 0.29193 0.28985 0.2908 0.29086 
64  ZirCAD MT Nupro coarse Spray Glaze 0.24783 0.35342 0.32704 0.30943 
65  ZirCAD MT Nupro coarse Spray Glaze 0.30787 0.31271 0.31193 0.31083666
7 
66  ZirCAD MT Nupro fine Spray Glaze 0.23937 0.1986 0.19255 0.21017333
3 
67  ZirCAD MT Nupro fine Spray Glaze 0.19538 0.19678 0.18649 0.19288333
3 
68  ZirCAD MT Nupro fine Spray Glaze 0.22362 0.22613 0.20207 0.21727333
3 
69  ZirCAD MT Nupro fine Spray Glaze 0.20182 0.21402 0.21255 0.20946333
3 
70  ZirCAD MT Nupro fine Spray Glaze 0.20596 0.20753 0.2066 0.20669666
7 
71  ZirCAD MT Proxyt coarse Spray Glaze 0.21495 0.20101 0.20305 0.20633666
7 
72  ZirCAD MT Proxyt coarse Spray Glaze 0.19843 0.1988 0.19581 0.19768 
73  ZirCAD MT Proxyt coarse Spray Glaze 0.23059 0.22339 0.22243 0.22547 
74  ZirCAD MT Proxyt coarse Spray Glaze 0.20755 0.20722 0.20872 0.20783 
75  ZirCAD MT Proxyt coarse Spray Glaze 0.19995 0.20003 0.20314 0.20104 
76  ZirCAD MT Proxyt fine Spray Glaze 0.20835 0.19575 0.19549 0.19986333
3 
77  ZirCAD MT Proxyt fine Spray Glaze 0.18985 0.20849 0.18868 0.20849 





79  ZirCAD MT Proxyt fine Spray Glaze 0.19393 0.19526 0.19409 0.19442666
7 
80  ZirCAD MT Proxyt fine Spray Glaze 0.20083 0.18432 0.19506 0.19340333
3 
81  ZirCAD MT Nupro coarse Liquid Glaze 0.26297 0.25609 0.25696 0.25867333
3 
82  ZirCAD MT Nupro coarse Liquid Glaze 0.34916 0.31243 0.31465 0.32541333
3 
83  ZirCAD MT Nupro coarse Liquid Glaze 0.27485 0.29033 0.28303 0.28273666
7 
84  ZirCAD MT Nupro coarse Liquid Glaze 0.27052 0.2709 0.26934 0.27025333
3 
85  ZirCAD MT Nupro coarse Liquid Glaze 0.278 0.29467 0.30417 0.29228 
86  ZirCAD MT Nupro fine Liquid Glaze 0.18089 0.17972 0.17969 0.1801 
87  ZirCAD MT Nupro fine Liquid Glaze 0.17346 0.18077 0.18078 0.17833666
7 
88  ZirCAD MT Nupro fine Liquid Glaze 0.1988 0.20003 0.1985 0.19911 
89  ZirCAD MT Nupro fine Liquid Glaze 0.21138 0.18922 0.20408 0.20156 
90  ZirCAD MT Nupro fine Liquid Glaze 0.2036 0.20429 0.20194 0.20327666
7 
91  ZirCAD MT Proxyt coarse Liquid Glaze 0.20837 0.22329 0.22437 0.21867666
7 
92  ZirCAD MT Proxyt coarse Liquid Glaze 0.22172 0.22123 0.22253 0.22182666
7 
93  ZirCAD MT Proxyt coarse Liquid Glaze 0.24236 0.24388 0.2176 0.23461333
3 
94  ZirCAD MT Proxyt coarse Liquid Glaze 0.23932 0.24246 0.24114 0.24097333
3 
95  ZirCAD MT Proxyt coarse Liquid Glaze 0.22125 0.22155 0.21693 0.21991 
96  ZirCAD MT Proxyt fine Liquid Glaze 0.18498 0.18502 0.18409 0.18469666
7 
97  ZirCAD MT Proxyt fine Liquid Glaze 0.19741 0.19693 0.1975 0.19728 
98  ZirCAD MT Proxyt fine Liquid Glaze 0.18049 0.18204 0.18242 0.18165 
99  ZirCAD MT Proxyt fine Liquid Glaze 0.18551 0.18343 0.18268 0.18387333
3 
100  ZirCAD MT Proxyt fine Liquid Glaze 0.18641 0.18595 0.18603 0.18613 
101  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
0.26135 0.27823 0.28471 0.27476333
3 
102  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
0.26744 0.30772 0.34615 0.30710333
3 
103  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
0.33939 0.34737 0.26687 0.31787666
7 
104  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
0.30601 0.3074 0.30164 0.30501666
7 
105  ZirCAD MT Nupro coarse stain + Liquid 
Glaze 
0.34898 0.34973 0.35597 0.35156 
106  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
0.17816 0.22728 0.22887 0.21143666
7 
107  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
0.22624 0.22822 0.22654 0.227 
108  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
0.20694 0.20066 0.20161 0.20307 
109  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
0.20231 0.20296 0.20341 0.20289333
3 
110  ZirCAD MT Nupro fine stain + Liquid 
Glaze 
0.17025 0.16708 0.16635 0.16789333
3 
111  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 




112  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
0.2233 0.2222 0.22186 0.22245333
3 
113  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
0.24946 0.24134 0.22337 0.23805666
7 
114  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
0.24183 0.2383 0.23841 0.23951333
3 
115  ZirCAD MT Proxyt coarse stain + Liquid 
Glaze 
0.22829 0.21978 0.22901 0.22569333
3 
116  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
0.19343 0.19399 0.19368 0.1937 
117  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
0.19902 0.19973 0.20126 0.20000333
3 
118  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
0.19252 0.19574 0.19563 0.19463 
119  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
0.19595 0.20602 0.20743 0.20313333
3 
120  ZirCAD MT Proxyt fine stain + Liquid 
Glaze 
0.20441 0.20775 0.20412 0.20542666
7 
121 Tetric CAD Composite  Nupro coarse   0.69116 0.4644 0.53847 0.56467666
7 
122 Tetric CAD Composite 
Block 
Nupro coarse   0.58309 0.44843 0.52344 0.51832 
123 Tetric CAD Composite 
Block 
Nupro coarse   0.53469 0.50849 0.45223 0.49847 
124 Tetric CAD Composite 
Block 
Nupro coarse   0.47796 0.63092 0.70726 0.60538 
125 Tetric CAD Composite 
Block 
Nupro coarse   0.78116 0.41742 0.6721 0.62356 
126 Tetric CAD Composite 
Block 
Nupro fine   0.2538 0.24171 0.22298 0.23949666
7 
127 Tetric CAD Composite 
Block 
Nupro fine   0.30325 0.38796 0.45449 0.3819 
128 Tetric CAD Composite 
Block 
Nupro fine   0.38695 0.37523 0.27989 0.34735666
7 
129 Tetric CAD Composite 
Block 
Nupro fine   0.31291 0.32481 0.3105 0.31607333
3 
130 Tetric CAD Composite 
Block 
Nupro fine   0.3322 0.27741 0.28507 0.29822666
7 
131 Tetric CAD Composite 
Block 
Proxyt coarse   0.20695 0.28064 0.27742 0.25500333
3 
132 Tetric CAD Composite 
Block 
Proxyt coarse   0.27742 0.2803 0.2793 0.27900666
7 
133 Tetric CAD Composite 
Block 
Proxyt coarse   0.19026 0.1969 0.20889 0.19868333
3 
134 Tetric CAD Composite 
Block 
Proxyt coarse   0.27862 0.24639 0.24813 0.25771333
3 
135 Tetric CAD Composite 
Block 
Proxyt coarse   0.20151 0.22104 0.21339 0.21198 
136 Tetric CAD Composite 
Block 
Proxyt fine   0.17845 0.18392 0.18668 0.18301666
7 
137 Tetric CAD Composite 
Block 
Proxyt fine   0.17057 0.17001 0.17011 0.17023 
138 Tetric CAD Composite 
Block 
Proxyt fine   0.19309 0.19073 0.19301 0.19227666
7 
139 Tetric CAD Composite 
Block 
Proxyt fine   0.17892 0.18594 0.19324 0.18603333
3 
140 Tetric CAD Composite 
Block 











Appendix C: Emax/Feldspathic/Nano Hybrid/Nanofill/Supra-Nano/Extracted Teeth 
- Baseline 
 
ID Material Prophy 
Paste 
Gloss  Gloss Avg Rough  Rough Avg 














1 Emax Nupro 
coarse 
76.7 76 77.7 76.8 0.55236 0.62062 0.61886 0.59728 
2 Emax Nupro 
coarse 
71.8 74.6 74.9 73.76666667 0.59203 0.64703 0.64887 0.62931 
3 Emax Nupro 
coarse 
75 69.5 79.3 74.6 0.7622 0.58751 0.59006 0.64659 
4 Emax Nupro 
coarse 
70.7 75 73 72.9 0.63167 0.63098 0.63068 0.63111 
5 Emax Nupro 
coarse 
76 77.6 77.4 77 0.69383 0.6947 0.6927 0.693743333 
6 Emax Nupro 
fine 
78.3 77.1 75.1 76.83333333 0.41171 0.47593 0.48056 0.456066667 
7 Emax Nupro 
fine 
73.4 72.4 73 72.93333333 0.6628 0.64293 0.61729 0.641006667 
8 Emax Nupro 
fine 
73.4 72.5 73.1 73 0.6453 0.64437 0.65406 0.64791 
9 Emax Nupro 
fine 
75.1 76.8 71.9 74.6 0.6007 0.74905 0.60335 0.651033333 
10 Emax Nupro 
fine 
73.9 71.8 73.7 73.13333333 0.63097 0.66546 0.66813 0.654853333 
11 Emax Proxyt 
coarse 
77.9 73.3 78.9 76.7 0.51972 0.5176 0.5173 0.518206667 
12 Emax Proxyt 
coarse 
72.4 72.5 72 72.3 0.6775 0.67395 0.67498 0.675476667 
13 Emax Proxyt 
coarse 
72.9 78.3 77.8 76.33333333 0.68753 0.68855 0.78787 0.721316667 
14 Emax Proxyt 
coarse 
70.6 73.7 72.9 72.4 0.68125 0.73902 0.72568 0.715316667 
15 Emax Proxyt 
coarse 
72.4 73 71.2 72.2 0.60361 0.64397 0.64388 0.630486667 
16 Emax Proxyt 
fine 
73 72.8 76.3 74.03333333 0.74725 0.61241 0.60913 0.656263333 
17 Emax Proxyt 
fine 
71.7 73.4 71.9 72.33333333 0.60227 0.60256 0.6094 0.604743333 
18 Emax Proxyt 
fine 
72 74.9 71.1 72.66666667 0.56158 0.74651 0.75852 0.68887 
19 Emax Proxyt 
fine 
76.1 74.2 76.7 75.66666667 0.56859 0.56782 0.553114 0.563174667 
20 Emax Proxyt 
fine 
82 79 79.1 80.03333333 0.62626 0.60893 0.60079 0.611993333 
21 Feldspathic  Nupro 
coarse 
70.2 72.4 72.9 71.83333333 0.4352 0.60764 0.74785 0.596896667 
22 Feldspathic  Nupro 
coarse 
65.7 66.4 68.9 67 0.58312 0.57876 0.68994 0.617273333 
23 Feldspathic  Nupro 
coarse 
68.7 67.4 65.1 67.06666667 0.6585 0.59104 0.58421 0.61125 
24 Feldspathic Nupro 
coarse 
67.8 69.6 65.1 67.5 0.50065 0.7124 0.54546 0.58617 
25 Feldspathic Nupro 
coarse 




26 Feldspathic Nupro 
fine 
63.5 65.3 64.8 64.53333333 0.61229 0.60673 0.66956 0.629526667 
27 Feldspathic Nupro 
fine 
69.1 73 69.2 70.43333333 0.60864 0.6076 0.61733 0.61119 
28 Feldspathic Nupro 
fine 
64.5 63.2 65.5 64.4 0.75946 0.75989 0.75993 0.75976 
29 Feldspathic Nupro 
fine 
63.3 65.8 65.3 64.8 0.59442 0.61224 0.6151 0.607253333 
30 Feldspathic Nupro 
fine 
71.3 63.6 71.5 68.8 0.5981 0.64505 0.65543 0.63286 
31 Feldspathic Proxyt 
coarse 
63.8 64.9 64.5 64.4 0.47524 0.47538 0.55496 0.50186 
32 Feldspathic Proxyt 
coarse 
64.3 65.2 62.5 64 0.67538 0.67527 0.67479 0.675146667 
33 Feldspathic Proxyt 
coarse 
69 66.2 70.2 68.46666667 0.5101 0.50844 0.50175 0.506763333 
34 Feldspathic Proxyt 
coarse 
66.8 68.4 70.8 68.66666667 0.43483 0.50385 0.50412 0.480933333 
35 Feldspathic Proxyt 
coarse 
69.9 64.8 66 66.9 0.56455 0.56625 0.56363 0.56481 
36 Feldspathic Proxyt 
fine 
61.4 60.7 65.3 62.46666667 0.67331 0.68416 0.68516 0.680876667 
37 Feldspathic Proxyt 
fine 
65.1 68.9 65.8 66.6 0.62661 0.62567 0.62322 0.625166667 
38 Feldspathic Proxyt 
fine 
63.8 74.2 74 70.66666667 0.584 0.58448 0.59297 #DIV/0! 
39 Feldspathic Proxyt 
fine 
74 71.9 70.8 72.23333333 0.61624 0.61985 0.62121 0.6191 
40 Feldspathic Proxyt 
fine 





















































































































































































































































































































































































fine 43.1 44.4 47 44.83333333 0.47784 0.48088 0.39985 0.452856667 
 
  
 
 
 
 
 
